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OUTLINE    OF    REPORT. 


In  view  of  the  several  important  monographs  which  have  very  recently  appeared 
dealing  with  other  areas  of  Newark  rocks,  the  introductory  chapter  of  this  report 
is  devoted  to  a  summary  of  our  knowledge  of  the  Newark  system.  After  considering 
the  work  of  others  on  the  Newark  of  the  Pomperaug  Valley,  the  subject-matter  of 
the  report  is  treated  in  four  chapters  devoted  respectively  to  deposition,  petrography, 
deformation,  and  degradation. 

Under  the  head  of  Deposition  the  characters  of  the  several  members  of  the  series  are 
given  consideration.  The  associated  igneous  rocks  of  the  system  are  shown  to  be 
contemporaneous  extrusions  of  lava.  The  unconformable  relation  of  the  system  to 
its  basement  floor  of  crystalline  rocks  is  determined,  and  the  essentially  conformable 
contacts  of  the  several  members  of  the  series  with  their  neighbors  are  examined  in 
detail.  The  probable  source  of  the  Newark  sedin  ents  is  found  in  a  large  pegmatitized 
area  to  the  northeast  of  the  valley. 

Under  the  head  of  Petrography  the  macroscopic  and  microscopic  characteristics  of 
each  member  of  the  system  are  treated  in  detail.  The  sediments  are  shown  to  be 
composed  almost  throughout  of  the  debris  of  jjegmatite  and  granite.  A  specimen 
of  intraformational  shale  conglomerate  from  the  lowe.st  member  of  the  system  is 
believed  to  show  that  portions  of  this  formation  were  for  a  longer  or  shorter  period 
above  the  sea  level  during  its  period  of  deposition.  The  baking  of  the  conglomerate 
at  its  contact  with  the  overlying  sheet  of  basalt  has  produced  secondary  enlarge- 
ment of  the  quartz  grains.  In  the  vesicular  upper  surface  of  the  same  basalt  sheet 
shale  has  been  deposited,  a  fact  which,  taken  in  connection  Avith  the  induration  at  the 
lower  contact,  shows  clearly  the  extrusive  character  of  the  sheet.  This  section  of 
the  report  closes  with  a  review  of  the  chemical  and  petrographical  relationships  of  the 
basalts  within  the  several  Newark  areas. 

Under  the  section  devoted  to  Deformation  the  geological  structure  of  the  area  is 
considered  in  great  detail.  It  is  found  that  vertical  or  nearly  vertical  joint  planes 
have  developed  in  great  numbers  within  the  area  of  the  basin,  and  on  the  basis  of  the 
observations  an  attempt  is  made  to  determine  the  jiroperties  of  the  individual  faults 
along  these  joints,  their  relationships  to  one  another  in  the  fault  system,  and  the 
manner  in  which  the  area  as  a  whole  has  been  deformed  through  the  depression  of 
the  orographic  blocks  which  the  joints  have  conditioned. 

It  is  found  that  throughout  the  greater  part  of  the  basin  four  .series  (jf  jiarallel 
faults  prevail,  a  fifth  series  being  occasionally  developed.  Of  the  four  prevailing 
series,  two  are  nearly  normal  to  each  other,  but  the  depression  of  the  area  has  taken 
place  mainly  along  planes  belonging  to  one  of  these  perijendicular  series  and  to  one 
of  the  remaining  prevalent  series.  It  is  found  that  the  individual  fault  planes  of  each 
series  are  spaced  with  remarkable  uniformity,  but  that  their  throw  has  been  distrib- 
uted over  zones  of  near-lying  fault  planes,  the  throws  of  the  same  order  of  magni- 
tude being  also  separated  from  one  another  by  somewhat  uniform  space  intervals. 
Along  some  of  the  closely  spaced  planes  oi  dislocation  in  a  fault  series  the  throws  have 
in  some  cases  been  so  small  that  the  faults  i)ass  into  a  system  of  joints. 
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The  orographic  blocks  produced  by  the  jointing  are,  like  the  throws  along  the 
fault  planes,  of  several  orders  of  magnitude,  the  smallest  quadrangular  blocks  that 
can  1h>  proi>erly  niea-^ured  being  designate<l  the  "  unit "  blocks.  Measurements  under 
particularly  favorable  conditions  of  "  unit "  blocks  bounded  by  faults  of  two  of  the  pre- 
vailing series  disclose  an  important  relation  between  their  shajw  and  the  directions 
of  the  four  prevailing  fault  series. 

The  larger  orographic  blocks  of  the  basin,  w  hich,  Ijecause  made  up  of  unit  blocks, 
are  designate<i  composite  blocks  of  different  orders,  are  found  to  correspond  in  shape 
with  the  unit  lihxks  them.«elves.  The  southern  i>ortion  of  the  valley,  in  which 
eeries  of  faults  have  l)een  discovered  different  from  tliose  which  prevail  throughout 
the  valley  as  a  whole,  reveals  the  jjresence  •)f  large  composite  blocks  bounded  by 
faults  of  two  of  the  general  prevailing  series,  of  which  blocks  the  exceptional  faults 
correspond  appro.ximately  both  as  regards  their  direction  and  their  position  w  ith  the 
diagonals.  It  is  an  ol>servation  of  much  interest  that  the  ratios  of  the  sides  of  these 
comjMisite  blocks  are  remarkably  simple. 

The  striking  resendilance  of  the  intersecting  system  of  parallel  fault  series  with  a 
system  of  compression  joint",  and,  in  fact,  its  local  gradation  into  such  joints,  has 
suggested  the  theory  which  has  l)een  adopted  to  explain  the  origin  of  the  faulting. 
Comiires-ion  of  the  area  in  a  nearly  east-west  direction  is  believed  to  have  found 
relief  in  the  i)revailing  dislocations  of  the  area  as  a  whole.  The  depression  of  the 
area  is  8upj>osed  to  have  taken  place  along  certain  of  these  planes  of  dislocation,  but 
in  coini>o.site  blocks  the  shape  and  size  of  which  has  been  controlled  i)riniarily  by 
the  outlines  of  the  area  in  which  upward  pressure  subsequent  to  dislocation  was 
inadequate  to  supjiort  the  load.  The  exceptional  fault  members  of  the  southern 
jmrtion  of  the  area,  InMug  coincident  with  the  diagonals  of  the  depressed  composite 
blocks,  are  Ijelieveil  to  owe  their  f(jrmation  to  the  downthrow  of  these  blocks,  and 
not  to  the  original  relief  of  the  area  from  compression. 

UmliT  the  section  headed  Degradation  the  drainage  system  of  the  area  is  consid- 
ere<l,  an<l  it  is  found  that  the  streams  within  the  valley,  and  also  in  the  area  sur- 
rounding it,  have  lK»en  directed  in  their  courses  to  correspond  with  the  direction  of 
the  prevailing  fault  series.  Their  canal-like  channels  and  their  peculiar  zigzag 
courses  Ixjth  find  explanation  in  their  a<lherence  to  the  direction  of  the  preexistent 
channels  forme<i  by  downthrown  orographic  blocks.  The  peculiar  topographic 
relief  forms  of  the  valley  confinu  this  conclusion.  The  Pomperaug  River  itself 
indicates  several  unportant  revolutions  in  its  history,  one  of  which  was  marked  by 
complete  reversal  of  its  upi)er  drainage.  In  the  closing  chapter  of  the  report  the 
work  of  Jie  ice  within  the  area  of  the  basin  is  briefly  considered. 
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CHAPTER    I. 

GElSTERAIi  INTRODUCTION*^. 

SECTION   I.— THE  NEWARK  SYSTEM  OF  THE  ATLANTIC  SLOPE  IN 
THE  LIGHT  OF  RECENT  STUDIES. 

Distribution. — The  Newark  system  of  the  Atlantic  slope  is  repre- 
sented by  a  series  of  elongated  areas  extending  with  a  somewhat 
sinuous  trend  S.  45°  W.  from  the  Minas  Basin,  on  the  Bay  of  Fundy,  to 
the  northern  boundary  of  South  Carolina,  and  comprising,  according 
to  Russell's  estimates,  about  10,000  square  miles.  The  arrangement  of 
the  several  areas,  whose  longer  axes  are  for  the  most  part  approxi- 
mately parallel  to  the  principal  extension  of  the  province,  varies  only 
moderatel}'  from  that  of  an  interrupted  rectilinear  belt,  double  in  its 
southern  portion,  and  to  the  north  interrupted  by  the  arm  of  the  sea 
separating  the  Massachusetts  and  the  Acadian  peninsulas.  (See  PI.  11.) 
The  several  areas  in  this  belt  have  been  designated  by  Russell,  begin- 
ning with  the  northeasternmost,  Acadian,  Connecticut  Valle}',  South- 
bury,'  New  York- Virginia,  Barl)oursville,  Scottsville,  Danville,  Dan 
Rirer,  Taylorsville,  Richmond,  Farmville,  Deep  River,  and  Wades- 
boro,  besides  which  there  are  a  number  of  smaller  isolated  outliers. 

Excepting  the  distance  separating  the  Deep  River  and  Dan  River 
areas  and  that  separating  the  New  York-Virginia  and  Southbury 
areas  (each  about  45  miles),  the  continuity  of  the  belt  from  Massachu- 
setts to  South  Carolina  is  nowhere  interrupted  for  more  than  about  80 
miles.  From  the  Connecticut  Valley  area  to  where  the  belt  is  inter- 
rupted by  the  arm  of  the  sea  at  Boston  is  a  distance  of  70  to  90  miles. 
The  belt  as  a  whole  is  1,200  miles  long,  and  always  less  than  loo  miles 
wide. 

'Here  called  Pomperaug  Vulley.    See  page  30,  footnote  5. 
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The  knowledge  of  the  s^'stem  acquired  previous  to  1892  has  been 
summarized  b}'  Kuss-ell  in  a  report'  characterized  as  much  b}'  sound 
judguient  in  correlating  as  by  thoroughness  and  accurac}'  in  collect- 
ing and  transcribing  data.  Since  the  publication  of  this  correlation 
paper  several  important  reports  on  the  Newark  system  have  appeared. 
These  treat  of  the  Coimecticut  Valley  area,'^  the  New  Jerse}"  portion 
of  the  New  York-Virginia  area,^  the  New  York  extension  of  the  same 
area,*  the  Kichmond  area,*  and  the  Catoctin  belt  of  Maryland  and 
Virginia.'  The  papers  of  P2merson  and  Davis  are  final  reports  and 
include  much  of  the  matter  which  had  appeared  in  reports  by  the 
same  authors  dealing  with  special  features  of  the  areas  concerned. 

Rock  iiHiteriaJ. — The  rocks  of  the  Newark  system  comprise  a  con- 
formable series  of  conglomerate,  breccia,  arkose,  sandstone,  shale,  slate, 
and  limestone,  with  which  beds  of  coal  are  associated  in  the  southern 
areas.  The  coarser  deposits  characterize  especiall}-  the  borders  of  the 
areas,  thus  indicating  that  thev  are,  in  part  at  least,  a  basal  conglomerate. 
In  the  Connecticut  Valley  area  the  coarse  conglomerate  is  found  along 
both  the  eastern'  and  the  western*  borders,  while  in  the  New  York- 
Virginia  area  and  in  the  smaller  areas  to  the  south  it  is  found  chielly 
on  the  western  border.  In  the  Deep  Kiver  area,  however,  which 
belongs  in  the  eastern  division  of  the  belt,  a  bed  is  found  occupying 
the  eastern  border.  Russell"  states  that  in  all  cases,  as  far  as  can  be 
judged,  the  coarse  deposits  are  of  local  origin  or  are  derived  from  neigh- 
boring shores.  The  rocks  which  have  supplied  the  material  are  chiefly 
adjacent  crystalline  rocks.  Ki'unmel,'"  however,  in  his  recent  mono- 
graph has  shown  that  along  the  western  border  of  the  New  Jersey  area 
the  material  of  the  Newark  ])eds  was  not  derived  from  the  older  beds 
which  imiiKHliately  adjoin  them,  for  although  (luartzitc  adjoins  the 
Newark  beds  for  a  distance  of  only  a  fraction  of  a  mile,  quartzite  con- 
glomerate is  developed  along  the  border  for  ov.er  19  miles,  and  gneiss 
conglomerate  is  developed  for  a  distance  of  only  -1  miles,  although 
gneisses  and  granites  are  found  for  50  miles  along  the  border,  or  for 

'The  Newark  system,  by  Israel  Cook  Russell:  Bull.  U.  S.  Geo!.  Survey  No.  8.i,  1.S92. 

-  Geology  of  old  Hampshire  County,  MassaehusetUs.  comprising  Franklin.  Hamp-hire.  and  Hampden 
counties,  by  Benjamin  Kendall  Emerson:  Mon.  t'.  ST  Geol.  Survey,  Vol.  XXIX,  1898,  pp.  351-501 

The  Trias-sic  formation  of  Connecticut,  by  William  Morris  Davis:  Eighteenth  Ann.  Kept.  U.  S.  Geol. 
Sur^-ey,  Pt.  II,  iS9.'<,pp.  1-192. 

■'The  Newark  system  or  red  sandstone  belt  [in  New  Jersey],  by  Henry  K.  Kiimmcl:  ,\nn.  Kept. 
State  Geologist  New  Jersey  for  18y7.  Trenton,  1898,  pp.  25-159. 

<The  extension  of  tlio  Newark  system  of  rocks  [in  New  York),  by  Heury  B.  Kiimmel.;  ibid  for  1898; 
Trenton,  1S99,  pp. -15-57. 

6  Geology  of  the  Kichmond  Basin,  Virginia,  by  N.  S.  Shaler  and  J.  B.  Woodworth:  Nineteenth  .-Vnn. 
Rept.  U.  S.  Geol.  Survey,  Pt.  11,  1899,  pp.  ;}85-519. 
■      ^Geology  of  the  Catoctin  belt,  by  Arthur  Keith:  Fourteenth  Ami.  Kept.  U.  .S.  Geol.  Survey,  Pt.  II, 
1894,  pp.  345-.S58. 

'Russell,  op.  cit.,  p. -3:5.  » Emerson,  op.  cit.,  p.  ^^:'',.    Also,  Davis,  op.  cil.,  p.  JO. 

■Op.  cit.,  p.  34.  i"Op.  cit.,  p.  55  et  seq. 
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GEOLOGICAL   MAP   OF   THE    POMPERAliJ    VAI.r.KV.  COXNECTIC'UT. 

The  region  represented  by  this  map  i^i  one  of  a  great  number  of  dislocations  who^e 
planes  stand  nearly  vertical,  and  so  far  as  known  the  boundaries  of  formations  in  this 
region  have  been  determined  by  fault  planes.  The  inferred  position  of  planes  of 
dielocation  and  their  extensions,  based  upon  observations  in  the  field,  are  indicated 
by  the  dottetl  lines  of  the  maps.  The  color  scheme  of  this  map  is  peculiar  in  that  the 
deepest  shade  of  each  color  is  used  to  show  the  position  of  the  outcrops  of  a  particular 
formation.  Lighter  tints  of  the  same  color  are  employed  to  show  the  inferred  exten- 
sions of  the  formation  beneath  the  surface  of  the  ground.  When  more  than  one  tint 
of  any  color  is  used  in  addition  to  the  one  reserved  for  outcrops,  the  depth  of  the  tint 
indicates  the  supposed  altitude  of  the  orographic  block  compared  with  other  blocks 
which  are  capped  by  the  same  formation.  These  inferences  are  based  on  both  geolog- 
ical and  tojHDgraphical  peculiarities,  but  in  the  parts  of  the  map  showing  the  central 
area  of  Pine  Hill  and  central  Ragland  the  location  of  boundaries  of  blocks  has  been 
made  with  much  less  accuracy  than  in  other  portions  of  the  map. 
22 
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three-fourths  of  the  entire  distance.  Emerson  also  states  that  in  the 
Massachusetts  area  the  material  has  not  been  altogether  of  local  deri- 
vation.    He  saj's:^ 

On  Fox  Brook,  south  of  the  road  from  West  ^Mountain,  hi  Bernardston,  the  very 
coarse  arkose  can  be  seen  ahnost  in  contact  with  the  schists,  showing  that  ahnost 
from  tlie  beginning  the  strong  northward  tidal  currents  carried  their  granitic  mate- 
rial even  into  this  far  northern  portion  of  the  basin. 

In  the  Richmond  Basin  Shaler  and  Woodworth  lind  evidences  of 
the  movement  of  sediments  northward  and  westward.^ 

Keith  finds  that  the  Newark  sediments  of  the  Catoctin  belt  were 
derived  from  several  near-lying  foci,  and  that  the  currents  which 
carried  them  moved  from  north  to  south. ^ 

The  greater  portion  of  the  clastic  rocks  of  the  Newark  have  been 
described  as  sandstones  and  shales,  characterized  almost  throughout 
by  a  reddish-brown  color  due  to  the  oxidation  of  iron.  It  is  likewise 
characteristic  of  them  that  their  constituents  are  mainly  quartz,  feld- 
spar, and  mica.  They  are  composed  of  the  debris  of  granite  and 
gneiss,  and  are  hence  properly  to  be  described  as  arkoses.  The  prev- 
alence of  angular  fragments  and  the  evidence  of  oxidation  ever}-- 
where  observed  have  been  taken  to  indicate  that  this  debris  wiis 
formed  by  subaerial  decay  of  the  crystallines  on  which  the  Newark 
was  laid  down.  If  the  hypothesis  of  Russell  is  correct,*  this  condi- 
tion argues  for  a  warm  and  humid  climate  at  the  time  of  the  disinte- 
gration of  the  material  and  for  the  incrustation  of  the  grains  by  fer- 
ric oxide  during  the  subafirial  decay  of  the  rock  from  which  they 
were  derived — a  process  now  found  in  operation  over  large  portions 
of  the  earth's  surface  where  a  warm  and  humid  climate  obtains. 

In  the  southern  areas  of  the  Newark  belt  important  seams  of  bitu- 
minous coal  occur.  In  the  New  York-Virginia  and  more  northern 
areas  such  l)cds  are  altogether  wanting,  although  thin  layers  of  rich 
bituminous  shales  are  found.  In  place  of  the  coal  beds  is  found  lime- 
stone in  thin  layers,  particularly  in  the  Connecticut  Valley  and  Pom- 
peraug  Valley  areas.  A  limestone  conglomerate  occurs  also  in  the 
Catoctin  belt. 

Zife  remains. — The  Newark  rocks  have  furnished  evidence  of  the 
existence  of  life  during  the  Newark  period,  the  most  abundant  fossil 
remains  being  the  coal  plants  in  the  southern  areas  and  the  ganoid 
fishes  in  the  northern.  The  few  bones  discovered  and  the  great  num- 
ber of  footprints  observed  in  the  areas  north  of  Maryland  argue  for 
an  abundant  batrachian  and  reptilian  fauna  in  these  areas.  Two  mam- 
mals, DromatJierium  and  Microconodon,  and  a  few  imperfectly  pre- 
served mollusks,  crustaceans,  and  insects  have  also  been  observed. 

'Op.  Cit.,  p.  3f)5.  -Op.cit.. pp. 439-4-10.  iOp.cit.,p.3.'i2. 

<SubaOrial  dowiv  ol"  rocks  and  origin  (jf  tliu  red  color  of  certain  formations,  by  I.  C.  Russell:  Bull. 
U.  S.  Geol.  Survey  No.  52, 1889,  pp.  1-05. 
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xi^tmciated  i(iHe<>H'<  nnh-<.  —  Ass;ociatt'd  witli  nearly  all  of  the  areas  of 
the  Newark  rocks  are  found  dikes  and  sheets  of  basic  rock,  usuallj- 
called  simply  '"trap."  !)ut  better  desionated  diabase  or  l)asalt,  since 
throughout  the  extent  of  the  Newark  belt,  as  well  as  in  the  similar 
dikes  which  traverse  the  surrounding  territory,  tlio  "trap"  has  a  nearly 
uniform  basaltic  composition  and  structure.  The  dikes  trend  gener- 
ally northeast  and  southwest,  being  narrower  in  the  crystalline  rocks 
than  they  are  in  the  Newark  beds.  They  frequently  show  tiner-grained 
marginal  zones  or  columnar  structure  normal  to  the  inclosing  walls. 
The  latter  they  have  frecjucntiy  altered.  l)y  hardtMiing  them,  by  chang- 
ing their  color,  and  by  the  intrusion  of  mineral  material  into  them. 
The  trap  sheets  which  are  interstratiried  with  the  Newark  beds  have 
been  shown  to  be  in  i)art  extrusive  surticial  Hows  buried  beneath  later 
deposits,  and  in  i)art  intrusive  sills  injected  into  the  already  formed 
Newark  beds.  Thi*  Nova  Scotian  trap  has  t>een  shown  by  Marsters' 
to  be  extrusive  in  origin.  In  the  Connecticut  Valley  area  and  the 
New  Jersey  area,  where  these  rocks  have  been  most  carefully  studied, 
the  evidence  for  the  extrusive  origin  of  most  of  the  sheets  of  basalt  is 
so  overwhi'lming  as  to  be  beyond  reasonable  controversy.  The  h(>avy 
sheet  of  intrusive  basalt  in  the  Connecticut  Valley  area  extends  along 
the  western  margin  (Wtvst  Kock,  (Jaylord  Mountain,  Barndoor  Hills), 
and  in  the  New  Jersey  area  along  the  eastern  margin  (the  Palisades 
Kange  on  the  Hudson  KixtT).  Less  careful  study  has  been  given  to 
the  areas  farther  to  the  south,  Imt  throughout  the  Richmond  Basin 
andtheCatoctin  belt  the  associated  igneous  rocks  are  intrusive  in  their 
origin  and  genemlly  dikes. ■  The  absence  of  large  sheets  of  extru- 
sive basalt  from  the  southern  an-as  of  Newark  rocks  may  per- 
haps l)e  explained  l)y  sui)i)()sing  that  the  subsequent  degradation 
was  here  gieater.  or  it  may  be  that  Itasalt  was  never  extruded  in  those 
areas. 

I>,'f<triii((ii<>t,. — ^The  surface  of  the  terrane  in  the  several  areas  of 
the  Newark  is  generally  (an  exc(«ption  is  the  Danville  area')  below 
the  surface  of  the  surrounding  rocks.  Throughout  the  series  no 
marked  foldings,  but  only  gentle  archings  of  the  strata  have  been 
observed,  although  notable  and  sudden  changes  in  dip  have  been 
recorded.  These  observed  changes  in  dip  have  })een  brought  a])out 
by  dislocation  of  the  strata  along  faults  of  steep  hade.  In  all  ai'eas 
which  have  been  carefully  studied  these  faults  have  been  found  to  be 
very  numerous,  and  the  observers,  with  scarcely  an  exception,  have 
expressed  their  belief  that  many  other  faults  exist  within  the  areas, 
which  it  has  been  found  inipracticai>le  to  locate  detinitely. 


1  Triassic  diabase  of  Nova  Scotia,  etc.,  by  V.  F.  Marsters:  Am.  Geologist,  Vol.  V,  1890,  pp.  140-14.^) 
■  Shaler  and  Woodworth, op.  cit.,  p.  49.5;  Keith, op. cit.,  p.  3M. 
» Of.  Russell,  op.  cit.,  p.  86. 
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Emerson  says  of  the  Massachusetts  section  of  the  Connecticut  Val- 
ley area:^ 

More  favorable  exposures  and  more  detailed  mapj)ing  have  revealed  many  fanlts, 
and  I  feel  sure  that  many  more  remain  concealed. 

Davis  sa3'S  of  the  Connecticut  section  of  the  same  area:'^ 

Close  and  continuoun  observation  of  outcrops  being  impossible,  the  faults  as  drawn 
upon  the  map  are  probably  too  few  and  too  simple. 

Ktimmel  says  of  the  New  Jersey  area:  ^ 

I  am  strongly  inclined  to  believe,  therefore,  that  there  are  many  undisco\erer] 
faults,  particularly  in  the  Stockton  and  Brunswick  lieds,  with  throw  equal  to  those 
in  the  trap  areas. 

In  the  Catoctin  belt  a  hick  of  persistent  and  distinctive  strata  renders 
it  impossible  to  determine  faults,  but  Keith*  assumes  that  they  exist 
there,  basing  his  assumption  on  the  great  thickness  of  strata  and  on 
the  great  differences  of  apparent  thickness. 

Shaler  and  Woodworth  say  of  the  Richmond  Basin:' 

While  the  interior  of  the  area  shows  at  the  surface  little  evidence  of  faulting  and 
folding  as  compared  with  the  highly  tilted  attitudes  of  the  strata  about  the  margin 
of- the  area,  faults,  folds,  and  flexures  can  be  made  out,  and  their  relation  to  the  mar- 
ginal-basal  sections  of  the  rocks  is  such  as  to  lead  to  the  supposition  that,  could  we 
examine  the  base  of  the  Newark  rocks  in  the  middle  of  the  area,  we  should  find 
there  a  repetition  of  the  disturbances  which  are  soi)ronounced  a  feature  of  the  exist- 
ing margins. 

Russell,  in  his  summary  of  the  structure  within  the  Newark  areas, 
says:" 

Some  of  the  faults  observed  are  of  sufficient  magnitude  to  bring  to  the  surface  the 
crystalline  or  Paleozoic  rocks  upon  which  the  system  rests.  Others  expose  the  basal 
conglomerate,  but  the  greater  number  are  small,  and  owing  to  the  similarity  of  the 
strata  affected  by  them  are  difficult  and  many  times  impossible  to  trace. 

While  faults  are  numerous,  pronounced  folds  are  absent.     *    *    * 

An  examination  of  the  entire  system  shows  that  faulting  is  as  important  an  element 
in  the  structure  of  the  Atlantic  coast  plain  as  it  is  in  the  Great  Basin.     *    *    * 

It  is  to  be  supposed  that  the  faults  traversing  the  Newark  rocks  are  but  a  portion 
of  a  great  system  which  affects  a  large  ]>art,  and  perhaps  the  entire  region  of  meta- 
morphic  rocks,  in  the  midst  of  which  remnants  of  the  Newark  system  have  been 
preserved. 

Marghtal  faulU. — The  margins  of  Newark  areas,  where  carefully 
studied,  are  generally  found  to  l)e  formed  In'  faults  or  probable  faults. 
Russell '  has  brought  forward  cogent  arguments  for  supposing  that 
the  areas  Avhich  have  ])een  but  little  studied  are  likewise  bordered  by 
faults  for  the  most  part,  and  that  the  areas  throughout  owe  their 
presei-vation  to  their  having  been  depressed  below  the  base-level  of 

'Op.cit.,p.376.  -Op.  (it.,  p.  136.  sQp.oit.,  p.  ISG. 

*Op.eit.,p.3rw.  ''Op.  ci(.,p.493.  CQp.cit.,  pp.  97-98. 

"Op.rit.,pp.78-98. 
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erosion.  A.s  argued  by  Davis'  for  the  Connecticut  Valley  area  and 
by  Russell  for  the  other  Newark  areas,  it  is  clear  that  the  faults 
of  the  Newark  system  must  extend  downward  into  the  l)asen»ent  floor, 
of  crystalline  rocks,  and  hence  it  would  l)e  absurd  to  assume  that  the 
faulting  e.xists  only  within  the  area  now  occupied  by  the  Newark 
rocks.  The  statement  of  Kununel '  that  a  portion  of  the  boundary  of 
the  New  Jersey  area  where  the  Newark  beds  rest  upon  the  eroded 
edges  of  the  older  rocks  is  not  l)ounded  by  faults  may  possil)ly  ])e  no 
exception  to  the  general  rule,  for  faults  may  still  exist  in  the  crystal- 
lines at  or  near  these  boundaries;  and  if  so,  they  would  probably  elude 
discover}-. 

To  summarize,  then:  The  structurt"  of  the  several  Newark  areas  is 
that  of  luuch  faulted  monoclino  of  low  inclination — a  deformation 
which  may  be  presumed  toexist  also  in  the  I'aleozoicand  pre-Paleozoic 
rocks  which  surround  them. 

It  is  a  fact  of  much  interest  that  the  prevailing  dips  of  the  beds  in 
the  New  York-Virginia  area  and  its  continuation  to  the  south  in  the 
Harboursville,  Scottsville,  Farmvill*',  Danville,  and  Deep  Kiver  areas 
are  unifonnly  to  the  west  or  northwest,  the  westerly  dipping,  faulted 
monocline  thus  liringing  to  the  surface  higher  and  higher  beds  in 
going  west.  This  dip  is  also  characteristic  of  the  beds  of  the  Acadian 
area  to  the  north.  On  the  other  hand,  in  the  Deep  River  and  Wades- 
boro  areas,  which  form  an  eastern  belt  in  the  southern  part  of  the 
province,  the  pn>vailing  dips  are  to  the  southeast,  and  easterly  dips 
characterize  also  the  Pomeraug  Valley  area  in  Connecticut  and  the  Con- 
necticut Valley  area  as  far  norcii  as  Northampton,  in  Massachusetts. 
To  this  point  the  Connecticut  Valley  area  clearly  corresponds  in  its 
position  with  the  continuation  of  the  eastern  belt  in  North  Carolina, 
for  the  trend  of  the;  beds,  which  in  the  southern  areas  has  been  gener- 
ally northeasterly,  veers  to  the  north  in  the  latitude  of  New  York  and 
keeps  this  direction  to  the  latitude  of  Noithampton.  where,  as  shown 
l)V  the  Ilolyoke  Riuige,  it  turns  sharply  to  the  east.  The  narrow 
tongue  of  the  Newark  which  extends  northwai'd  from  Northampton  is 
characterized  by  variable  directions  of  dip,  but  the  Deei-tield  sheet  of 
trap  indicates  another  bending  of  the  stratii  to  the  eastward. 

It  should  be  noted  that  the  trend  of  the  Newark  belt  within  the 
United  States  is  characterized  b}^  somewhat  regular  variations  from 
the  general  trend  of  the  province,  producing  an  undulatory  variation 
from  a  rectilinear  belt.  This  is  indicated  by  the  principal  extension 
of  the  individual  areas  and  by  the  strike  of  the  beds,  and  conforms 
closely  with  the  njain  axis  of  the  Appalachian  folding.  (See  PI.  II, 
where  the  axis  of  the  belt  is  indicated.) 


'The  Triassic  formation  of  the  Connectiiut  Valley,  by  VV.  M.  Davis:  Seveuth  Ann.  Kept.  U.  S.  Geol. 

Purvey.  i>.4SH. 
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The  Richmond  area,  which  has  usually  been  regarded  as  a  syncline, 
has  recently  been  shown  ^  to  be  rather  a  faulted  monocline  with  low 
westerly  dipping  beds  "  extending  from  the  eastern  margin  westward 
to  a  zone  of  faulted  and  folded  structure,  the  dip  of  which  is  mainly 
eastward." 

Arrangement  of  areas  in  an  extended  fault  grahen. — The  above  facts 
indicate  that  the  Newark  belt  of  rocks  as  a  whole  is  reall}^  a  double 
belt,  the  structural  characteristics  of  which  are  not  unlike  those  of  an 
extended  fault  graben,  the  bottom  of  which  is  so  arched  as  to  bring 
the  oldest  beds  to  the  surface  in  the  central  portion  of  the  belt.  This 
structure  is  emphasized  by  the  close  similarity  of  the  sections  of  the 
eastern  and  western  divisions  of  the  belt  in  its  northern  portion.  In 
the  Connecticut  Valley  area  there  is  found  on  the  extreme  western 
margin,  with  only  a  thin  bed  of  clastic  rocks  underlying  it,  a  heavy 
intrusive  sheet — the  traps  of  West  Rock,  Gaylord  Mountain,  and  Barn- 
door Hills.  Corresponding  with  this  we  Und  on  the  extreme  eastern 
margin  of  the  New  Jersey  area  the  thick  intrusive  sheet  of  the  Pali- 
sades Range,  with  a  small  thickness  of  Newark  elastics  exposed  beneath. 
In  positions  above  the  intrusive  sheet  we  find  in  the  Connecticut  Valley 
area  the  extrusive  beds  of  the  anterior,  main,  and  posterior  flows,  and 
in  the  New  Jersey  area  the  extrusive  sheets  of  Watchung  Mountain, 
which  show  manj^  analogies  with  the  Connecticut  Valley  series.^ 

Thickness  of  the  system. — In  the  Connecticut  section  of  the  Con- 
necticut Valley  area  Davis  makes  out  the  following  series,  which  aggre- 
gates over  10,000  feet  in  thickness: 

Thicknesfi  of  Newark  st/stem  in  Connecticut  V((llei/  area. 


Deposits. 


Upper Sandstone,  shales,  and  conglomerate : 

f Posterior  trap  sheet  (extrusive) ,  100  to  150  fett 

Posterior  shales,  ±1,200  fett 

jjj  ^^^j^  I  Main  trap  sheet  (extrusive),  400  to  500  feet 

1  Anterior  shales,  shaly  sandstones,  and  impure  limestones,  300  i 
1,000  feet. 
Anterior  trap  sheet  (extrusive), ±250  feet 

{Coarse  sandstones,  conglomerates,  and  shales,  -l.SOO  to  5,000  feet . 
Intrusive  trap  sheet,  500  to  600  feet 
Conglomerates  and  coarse  sandstones,  200  to  300  feet 


Emerson,  in  his  ^lassachusetts  section  of  the  same  area,  has  not 
attempted  a  chronological  differentiation  of  beds,  believing  his  series 
to  represent  synchronous  phases  of  the  same  formation,  but  has  given 

'Shaler  and  Woodworth,  op.  cit.,  pp.  452,  U>". 

2  Of.  On  the  physical  history  of  the  Triassic  formation  in  New  Jersey  and  the  Connecticut  Valley, 
by  I.  C.  Russell:  Annals  New  York  Acad.  Sci.,  Vol.  I,  1879,  pp.  225,  230.  Also,  The  structure  of  (he 
Triassic  lormation  of  the  Connecticut  Valley,  by  W.M.Davis:  Seventh  Ann.  Kept.  r.  S.  Geol. Survey, 
1888,  pp.  483-481. 
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a  different  set  of  imnies  to  rocks  wliich  :it  the  l)oun{liirv  of  the  State 
join  those  de.scril)e(l  ))y  Davis.     The  upper  sandstone  of  Davis  is  there 
continued  in  the  entire  clastic  series  of  Emerson. 
Emerson's  series  of  synchronous  facies  is  as  follows: 

1.  Sii^ar  Loaf  arkose  (weet  sliore  deposits). 

2.  Miiiiiit  T(>l)y  coiitrlomerato  (east  shore  deposit,'^). 

S.  Loiijrmeadow  Urnwnstoue.  \    ^„   ,  .     ,  ,     i    \ 

^    ^„.*  ,    ,  >  (Off-shore  central  1h'<Is.) 

4.  ('lneojHH»s)iale.  > 

.'■>.  (iraiihy  tuff  ( frajrinental  diaha.«e). 

(i.  Holyoke  ami  Deerlielil  diahase  Ih-iIs  (iiiterl>e<lded  dialjase). 

7.   Hlatk  riM-k  vi>l«'anic  necks  and  ix>steri«ir  dia)>ase  l)e<ls. 

Eincison  has  wisely  refi-.iined  fiom  a>(ril>in>r  a  thickness  to  the 
.system  Itased  (n\  width  of  exposure.  A  well  Itorinj;  at  Northampton 
o.Tt«»  feet  deep  failed  to  i)ier«-e  the  system,  and  he  estimates  that  its 
maxiuuuu  thickness  must  have  e.xceeded  a  mile. 

In  tlie  New  Jersey  section  of  the  New  York-^'irg•inia  area  the  clastic 
.series  has  licen  jjiven  the  followin<r  diffeicntiation  l)y  Kiuumel.  the 
thicknesses  entered  in  the  list  heinj;  the  rtnised  ones  contained  in  his 
last  rejMirt  upon  that  rejfion.' 

TliirL-iiiKK  iif  .\fir4irl:  Kiistriii  in  Nfir  JerKei/  oren. 

Kc-ft. 

Bnnisw  irk  si-ries «,  000  to    s,  000 

l-MckalonK  series 3,  .500  to    .3,  (500 

St.M-ktun  series 2,  .S(M)  to    3,  100 

Tota  1 11 ,  800  to  1 4 ,  700 

If  the  tmp  sheets  had  heen  included  these  ti},»-ures  would  l)e  increased 
liy  al»(»ut  lf..">oo  foot,  so  as  to  make  a  total  thickness  of  14,000  to  over 
17.(M>o  feet.  To  me  it  seems  that  these  estimates,  as  well  as  tho.se 
of  Davis,  which  are  l»ased  on  width  of  outcrops,  are,  in  view  of  the 
great  proltahility  of  undetermined  faults,  hardly  more  than  guesses. 
The  most  reliahle  data,  slight  as  they  are.  are  furnished  hy  three  deep 
well  borings,  one  of  ;i.7t»o  tVetat  Northampton,  Massachusetts;  another, 
of  2,.5<Mt  feet,  near  Midlothian,  Virginia.^  neithei'  of  which  pierces  the 
.systeui;  and  a  tliiid  at  Southhury.  Connecticut,  which,  starting  at  the 
top  of  the  main  hastilt  sheet,  enters  the  ery.stallines  at  a  depth  of  1,235 
feet. 

Conditionif  of  i*e(li mentation. — The  alwence  of  characteristic  marine 
or  fresh-water  fossils  in  the  rocks  of  the  Newark  system,  the  rapid 
alternations  of  sediments,  the  cross  bedding,  the  numerous  footpiints, 
and  the  raindrop  impressions  are  generally  taken  to  indicate  that  the 
Newark  deposits  were  laid  down  in  broad  and  shallow  landlocked  arms 
of  the  sea,  in  which  expanses  of  mud  were  exposed  during  low  water. 
The  ri]iple  marks  and  mud  ci-aeks,  as  well  as  the  tracks  preserved  in 

1  Ann.  Rept.  sti'.  '..ologist  New  Jer.iey,  1897. 
s  Shaler  and  \\ i  v.  >rth,  op.  cit.,  p.  443. 
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the  deposits,  indicate  that  the  areas  on  which  they  were  forming  were 
undergoing  subsidence,  and  that  the  tidal  land  wash  constantly  formed 
new  sheets  to  receive  new  marks.  The  southern  areas  were  above  sea 
level,  and  were  at  times  coal  marshes.  Russell  has  suggested  that 
there  may  have  been  but  one  great  sound,  stretching  from  Nova  Scotia 
to  North  Carolina,  in  which  the  tides  flowed  and  ebbed,  the  southern 
end  being  swampy  and  marshy. 

Probably  the  greater  number-  of  observers,  however,  argue  that  the 
Newark  deposits  have  been  laid  down  in  local  basins.  Emerson,  who 
favors  this  view,  assumes  that  the  depression  of  a  great  block  south  of 
an  east-west  line  north  of  Long  Island  admitted  the  sea  into  the  "  deep 
fjord-like  bay  of  the  Connecticut  River  Trias."  Regarding  the  for- 
mation of  this  fjord  he  says:^ 

The  development  of  the  fault  system  which  borders  this  bay  and  has  produced  it 
may  have  been  an  attendant  upon  the  larger  movement,  but  it  is  quite  clear  that  the 
depression  of  the  bottom  of  the  basin  was,  in  part  at  least,  synchronous  with  the 
accumulation  of  the  Trias  sands,  and  in  part  of  later  date. 

He  assumes,  therefore,  a  "  narrow  fault-bounded  and  sunken  block," 
which  the  water  entered  during  a  general  Newark  transgression  of  the 
sea  upon  the  land.  The  bottom  of  the  trough  is  supposed  to  have 
been  occupied  by  del)ris  of  the  crystalline  rocks,  owing  to  the  deep 
secular  disintegration,  and  this  debris  was  transported  by  ver}"  power- 
ful tidal  currents,  which  moved  northward  along  the  western  wall  and 
returned  southward  along  the  eastern  wall.  The  evidence  for  this 
tidal  transportation  has  l>een  derived  from  a  comparison  of  the  frag- 
ments in  the  arkose  and  conglomerate  with  the  material  now  forming 
the  walls  of  the  trough. 

Davis  prefers  to  regard  the  Newark  beds  as  •" continental"  deposits, 
as  deflned  by  Penck.     He  says: 

In  contrast  to  marine  deposits,  Penck  has  suggested  the  name  "continental"  for 
deposits  formed  on  land  areas,  whether  in  lakes,  by  rivers,  by  winds,  under  the 
creeping  action  of  waste  slopes,  or  under  all  these  conditions  combined.  This  term 
seemsmoreapplicablethanany  other  to  the  Triassic  deposits  of  Connecticut.  *  *  * 
The  bedding  planes  of  the  strata,  revealed  only  in  scanty  exposures  in  which  the 
Triassic  strata  are  generally  worn  across  their  edges,  must  in  imagination  be  trans- 
formed into  broad  floors  of  washed  sands  and  pebbles,  derived  from  a  land  area  on  the 
wester  east,  and  gradually  drifted  from  the  margin  toward  the  middle  of  the  trough, 
where  they  accumulated.  *  *  *  The  sands  were  not  washed  directly  to  their 
place  of  settlement  and  there  at  once  deposited;  they  were  gradually  moved  along  the 
water  floor.  Tlie  finest  silts  may  have  been  actually  carried  in  muddy  lacustrine  or 
estuarine  waters,  but  they  must  have  been  many  times  laid  down  and  taken  up  before 
finding  a  final  resting  place.'- 

The  trough  could  not  have  boon  depressed  to  its  full  depth  before  the  deposits 
began  and  then  gradually  filled  to  tiie  surface.  On  the  contrary,  the  depression  of 
its  floor  must  have  gone  on  at  about  equal  rate  with  the  accumulation  of  sediment. 
*    *    *    From  the  more  permanent  inclosing  lands,  whence  the  waste  was  persistently 

iQp.  Cit.,  p.  ;173.  2  Davis,  op.  'cit.,  p.  33. 
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shed,  the  slopes  should  be  pictured  as  descending  into  a  shallow  trough  occupied  by 
broad  washes  of  sand  and  gravel,  crossed  by  wandering  streams.  Shallow  lakes  may 
have  now  and  then  overflowed  a  middle  strip  or  a  greater  part  of  the  trough,  and 
there  finer  sediments  would  gather.  * 

Assuiuing  as  he  does  a  pre-Triassic  plain  of  erosion  in  which  the 
Newark  deposits  were  laid  down,  Davis  is  compelled  to  explain  the 
formation  of  the  trough  In'  differential  elevation  of  inclosing  walls  as 
the  basin  of  the  trough  was  depressed.  This,  he  assumes,  may  have 
been  Ijrought  al)out  either  by  warping,  with  the  formation  of  a  trough, 
or  through  graben  faulting. ' 

Shaler  and  Woodwortli.  while  admitting  the  po.ssibility  of  the  several 
Newark  areas  having  been  once  connected,  still  favor  the  local  basin 
hypothesis.  In  their  view  the  Richmond  region  at  the  beginning  of  the 
Newark  period  was  one  of  low  relief  and  the  seat  of  more  or  le.ss  consid- 
eral)le  aiid  l>road  river  valleys,  and  with  the  margin  of  the  land  nmeh 
farther  east  than  it  is  at  present.  They  look  upon  the  deposits  as  having 
been  formed  in  the  rivei-s,  or  in  lakes  temporarily  formed  in  the  river 
valleys,  and  brought  in  about  the  lowlands  In'  torrents  from  the  high- 
lands along  slopes  which  represented  a  fall  of  50  to  100  feet  in  the  mile.^ 

Keith  says  of  the  conditions  of  deposition  within  the  Catoctin  belt: 

The  subsidence  preceding  deposition  reduced  the  height  of  the  land  and  slackened 
erosion.  The  waters  were  usually  shoal,  and  currents  ran  from  north  to  south.  At 
one  later  perio<l  at  least  elevation  took  place,  causing  emergence  and  rapid  erosion  of 
most  of  the  pre-Newark  formations  and  some  of  the  Newark  deposit.* 

Thus  it  seems  that  Russell  is  the  only  one  among  recent  writers  upon 
the  subject  who  has  strongly  urged  the  broad  terrane  as  against  the 
local  basin  hypothesis  for  the  formation  of  the  Newark  deposits.  1 
shall  revert  to  this  problem  in  Chapter  V,  after  the  Pomperaug  region 
has  been  described. 

SECTION   2.— PREVIOUS  WORK   ON  THE    NEWARK    ROCKS  OF  THE 
POMPERAUG  VALLEY.' 

EarJy  xoorkts. — In  the  tirst  volume  of  the  American  Journal  of  Sci- 
ence an  editorial  article"  mentions  the  occurrence  of  prehnite,  stilbite, 
agate,  etc.,  at  Woodbury,  Connecticut,  "in  a  little  basin  of  secondary 

iDavis,  op.  cit.,  p.  35.  ^Op.  cit.,  p.  3S.  *  Op.  cit.,  pp.  405-407.  <0p.  cit.,  p.  3.52. 

'This  area  of  Xowark  rocks  has  been  referred  to  by  Russell  as  the  South  bury  area.  By  Davis  it 
has  been  called  the  Southbury-Woodbury  area.  As  a  mutter  of  fact,  the  only  localities  where  the 
series  of  rocks  representing  the  Newark  system  can  be  made  out  within  the  area  is  near  the  villageof 
South  Britain.  The  basin  includes,  besides  South  Britain,  the  villages  of  Woodbury,  Southbury,  Pom- 
peraug, and  Hotehkis9\-ille.  all  of  which  have  a  single  railway  station— Pomperaug  Valley.  The 
name  of  the  station  has  been  well  chosen,  for  the  live  villages  occupy  positions  near  the  bed  of  the 
Pomperaug  River.  The  basin  of  Xewark  rocks  is  practically  coextensive  with  the  valley  of  thisriver. 
only  the  distant  headwaters  of  which  lie  outside  it  and  within  the  area  of  the  crystallines.  Percival 
described  the  Newark  in  this  area  under  the  title  of  the  ".smaller  secondary  formation  '  of  Connecti- 
cut, and  W.  C.  Kedfield  referred  to  it  as  the  '•  ba.sin  on  the  Pomperaug  River  near  Southbury,  Con- 
necticut." (Proc.  Am.  Assoc.  Adv.  Sei.,  Vol.  X,  Pt.  II,  p.  183.)  The  location  of  this  area  is  shown  in 
fig.  1. 

6 New  localities  of  agate,  chalcedony,  chabasie,  stilbite,  analcime,  titanium,  prehnite,  etc.,  by 
B.  Silliman:  Am.  Jour.  Sci.,  1st  series.  Vol.  I,  1818,  p.  135. 
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greenstone  which  exists  there."   In  a  more  extended  paper'  in  the  suc- 
ceeding volume  of  that  journal  this  basin  is  briefl}'  described  and  the 


Fig.  1.  Map  of  the  Newark  areas  of  .southern  New  England  and  adjaeent  territory,  compi 
maps  by  Emerson,  Davis,  and  Darton.    Scale,  one  inch  equals  27  miles. 

topography  so  well  depicted  that  I  can  not  refrain  from  quoting  a  few 
passages: 

While  descending  the  last  hill  the  geological  traveler  is  forcibly  struck  with  the 
new  physiognomy  of  the  valley  in  which  Woodbury  lies.  Its  features  are  totally 
different  from  those  of  the  country  on  which  he  still  is  and  from  those  of  the  remoter 
regions  all  around. 

Abrupt  fronts  of  dark  colored  naked  rock  ri.se  perpendicularly  from  flat  and, 
apparently,  alluvial  plains.     They  iiave  mural  precipices  and  sharp  ragged  ridges, 

'Sketches  of  a  tour  in  the  counties  of  N^'W  Hiiven  and  Litchfield  in  Connecticut,  with  notices  of 
the  geology,  mineralogy,  and  scenery,  etc.,  l>y  H.  Silliman.  Am.  .Tour.  Sci.,  Ist  series.  Vol.  II,  1820, 
PP- 
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fringed  with  wood,  ami  are  marked  by  a  great  accuinulatiuii  of  ruins  of  the  rock 
sloping  from  the  foot  half  or  two-thirds  of  the  way  up  the  rock;  on  the  opposite  side 
of  the  hills  the  descent  is  gradual,  without  j)recipices,  and  comparatively  easy. 

No  one  who  with  habits  of  observation  has  traveled  from  New  Haven  to  Hartford 
and  so  on  to  Northampton  and  Deerfield — no  one,  in  short,  who  has  ever  been  conver- 
sant with  a  trap  country — can  fail  almost  at  tirst  glance  to  refer  this  to  that  class  of 
rocks.  *  *  *  From  our  being  now  within  24  miles  of  New  Haven  it  miglit  be 
imagined  that  this  tract  is  merely  a  branch  of  the  great  secondary  trap  formation 
whicii  commences  at  that  town,  but  it  will  apjK'ar  that  it  is  not;  on  the  contrary  it  is 
perfectly  distinct — it  is  strictly  a  basin;  an  island  (if  I  may  say  so)  of  secondary  trap 
in  the  mi<lst  of  an  ocean  <if  gneiss.     *     *     ♦ 

I  know  of  nothing  in  this  country  similar  to  tliis  bai^in,  except  the  coal  basin  of 
Richmond,  which,  although  small,  is  much  larger  than  this. 

Sillimsin  made  the  mistako  of  supi)()sin«,'  that  the  red  sandstone  which 
he  found  was  the  Old  Ked  sandstone  of  Werner,  as  in  fact  it  had  already 
been  represented  on  Maclure's  ideological  map  of  the  United  States.  In 
1822  Dr.  Thomas  Cooper  makers  mention'  of  the  fact  that  he  possesses 
specimens  of  "•floetz  trap"  from  Woodhmy,  such  as  had  been  found  by 
Profe.s.«!or  Sillimaii  ""as  covering  the  red  sandstone  through  Connecti- 
cut;'' and  arguo  for  it>  xolcanic  origin,  a  view  apparently  not  held  by 
Profes.sor  Silliman. 

Prof.  Edward  Hitchcock,  in  a  narrative  accountof  a  mineralogical  trip 
across  Massachusetts  and  Connecticut,'-  emphasizes  the  similarity  of  the 
sandstone  and  greenstone  of  Woodl)urv  and  Southbuiy  with  the  rocks 
of  the  same  name  in  the  Coimecticut  Valley,  On  the  basis  of  the  dis- 
covery of  shale  and  bituminous  limestone  in  the  basin  of  thePomperaug 
Valley,  he  declares  that  this  basin  is  a  real  coal  formation,  a  statement 
which  is  perhaps  responsibh;  for  the  many  disastrous  attempts  which 
have  Imhmi  made  to  exploit  coal  mines  in  that  vicinity.  Of  real  scien- 
tific value,  however,  was  the  recording  (on  the  authority  of  Dr.  Smith 
of  Southbury)  of  the  fact  that  ""an  impression  of  scales,  probably 
tho.se  of  a  lish,  had  V>een  found  in  the  bituminous  limestone,"  and  the 
further  statement  that  "a  siliceous  petrifaction  of  the  trunk  of  a  tree, 
8  or  1<)  inches  in  diameter,  had  bciMi  found  in  Southl)ury."'  In  the 
final  report  on  the  geology  of  Massachusetts,*  as  well  as  in  earlier  vol- 
umes of  Massachu.setts  reports.  Hitchcock  make.s  ])rief  mention  of  the 
area  of  Newark  rocks  in  the  I'ompcraug  Valley. 

W.  C.  Kedfield,  in  1841,  mentions^  the  occurrence  in  the  red  sand- 

1  On  volcanoes  and  volcanic  substances,  with  a  particular  reference  to  the  origin  of  the  rocks  of  the 
floetz  trap  formation,  by  Thomas  Cooper,  M.  D.:  Am.  Jour.  Sci.,  1st  series,  Vol.  IV,  1822,  p.  239. 

2  Miscellaneous  notices  of  mineral  localities,  with  geological  remarks,  by  Edward  Hitchcock:  Am. 
Jour.  Sci.,  1st  series,  Vol.  XIV,  1S2X,  pp.  227-228. 

3  Description  of  several  species  of  fossil  plants  from  the  New  Red  sandstone  formation  of  Connecticut 
and  Massachusetts,  by  E.  Hitchcock:  Kept.  Assoc.  Am.  Geol.  Nat.,  1843,  pp.  294-290,  Pis.  XII  and  XIII. 

*  Report  on  the  geology,  mineralogy,  and  botany  of  Massachusetts,  by  E.  Hitchcock,  Amherst,  1H35, 
pp.  2-JO,  513. 

Also  final  report  on  the  geology  of  Massachusetts,  by  E.  Hitchcoi'k.  Northampton,  1841,  pp.  440, 
45G-J.T8. 

'-  Short  notices  of  American  fossil  fishes,  by  W.  C.  Redfield:  Am.  Jour,  .'^ci.,  1st  scries,  Vol.  XLI,  1841, 
p.J7.     -.  .  .  also,  I'roc.  Am.  Assoc.  Adv.  Sci.,  V.,1.  X,]a57,Pt.n,pp.l80-ls8. 
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stone  of  Southbury  of  the  remains  of  the  oanoid  tishes,  Cidopterim 
gracilis  and  Palieoniscus. 

Shepard,  in  his  report  on  the  geological  .survey  of  Connecticut/  adds 
nothing  to  our  knowledge  of  the  formation,  although  he  mentions  a 
chalybeate  spring  at  Woodbur}^  and  some  occurrences  of  minerals. 

Percival. — The  first  comprehensive  study  of  the  Newark  rocks  of 
the  Pomperaug  Valley  was  made  by  that  eminent  geologist,  Dr. 
James  G.  Percival,^  whose  work  on  the  geology  of  Connecticut  was 
undertaken  under  such  trying  conditions  and  when  methods  of  study 
were  primitive  as  compared  with  those  now 
emplo3'ed.  His  results  were  never  adequately 
published,  but  his  recorded  observations  were 
nevertheless  so  thorough  and  so  accurate  that 
subsequent  studies  have  in  the  main  supple- 
mented rather  than  altered  them.  The  results 
of  his  studies  may  best  be  stated  in  his  own 
words,  which  are  sufficiently  brief,  the  sketch 
from  his  map  (fig.  2)  serving  to  make  clear 
this  statement: 

The  trap  in  this  formation  forms  only  a  single  range, 
presenting,  in  its  whole  extent,  a  well-marked  curvature, 
and  divided  by  cross  valleys  into  three  distinct  sections, 
succeeding  each  other  in  receding  order.  Of  these,  the 
southern  (1)  extends  from  the  southeastern  point  of  the 
range  to  a  pass  crossing  the  latter  at  the  road  from 
Southbury  to  Roxbury;  the  middle  (2)  extends  from 
that  pass  to  the  Pomperaug,  south  of  Woodljury  village; 
while  the  northern  (3)  includes  all  the  remaining  portion 
of  the  range.  The  curve  of  this  range  is  apparently 
formed,  throughout  a  great  part  of  its  extent,  by  a  series 
of  parallel  ridges,  overlapping  each  other  in  a  greater 
or  less  degree  and  arranged,  toward  the  opposite  extrem- 
ities, in  reverse  order,  namely,  in  advancing  order 
towards  the  southern,  and  in  receding  order  towards  the 

northern  extremity.  This  arrangement  is  most  remarkable  at  the  two  extremities  of 
the  range,  its  middle  portion,  for  some  distance,  presenting  only  a  single  line  of 
elevations,  nearly  in  continued  order. 

The  main  trap  range,  in  its  southern  section  (1)  and  the  southern  part  of  its  middle 
section  (2),  is  bordered,  on  the  east,  by  an  apparently  distinct  range  of  a  very  porous 
chloritic  and  decomposable  amygdaloid,  forming  a  series  of  low  rounded  swells,  gen- 
erally covered  with  the  rock  in  small  fragments.  This  latter  range  is  accompanied, 
at  least  towards  its  southeastern  point,  by  bituminous  shale  and  limestone,  recently 
excavated  for  coal.  Similar  excavations  have  been  made  in  the  bands  of  shale  at  the 
southwestern  extremity  of  the  main  range. 


Fig.  2.— Basalt  ridges  of  the 
Pomperaug  Valley  (after 
Percival').  W,  township  of 
Woodbury;  M,  township  of 
Middleburj ;  S,  township  of 
Southbury;  R,  township  of 
Roxbury;  H.  R.,  Housa- 
tonic  River;  P.  iJ.,  Pomper- 
aug River;  1,  Southern  area; 
2,  Middle  area;  3,  Northern 
area.  The  dotted  line  is  the 
margin  of  the  Newark  area 
{"  smaller  secondary  ba- 
sin.") 


The  Secondary  rocks  of  tlie  two  basins  consist  of  sandstones  or  conglomerates  and 
shales,  generally  red,  but  occasionally  of  different  colors.     The  sandstones  vary 

1  Report  on  the  Geological  Survey  of  Connecticut,  by  Chas.Uphara  Shepard,  New  Hn\en,1837,p.l88. 
=  Report  on  the  geology  of  the  Slate  of  foiinccticnt,  by,  James  G.  Percival,  New  Haven,  LS-J-J,  pp. 410- 
n2. -129-130, 4,'i0-452, 
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from  the  finest  grain,  i)assing  into  the  shales,  to  the  coarsest  conglomerates;  the 
latter  sometimes  containing  even  small  bowlders  embedded.  *  *  *  The  sand- 
stones of  both  these  formations  are  obviously  formed  of  fragments  of  Primary  rocks, 
similar  to  those  of  the  adjoining  Primary  formations,  and  in  most  instances  the 
larger  fragments,  particularly  in  the  coarser  conglomerate  along  the  eastern  border 
of  the  larger  Secondary  formation,  can  be  distinctly  traced  to  different  varieties  in 
the  adjoining  Primary,  fret^nently  in  the  immediate  vicinity.  These  facts  satisfac- 
torily indicate  that  these  Secondary  formations  were  formed  from  the  debris  of  the 
Primary  rocks,  part  of  which,  at  lea.»it,  might  have  occupied  the  site  of  these  Sec- 
ondary formations. 

The  sandstones  and  shales  of  the  different  Secondary  basins  have  an  obvious 
connection  'with  the  trap  of  those  basins,  both  in  their  distribution  and  in  the 
arrangement  of  their  elevations.  These  rocks  are  not  distributed  in  regular  parallel 
suju'rimposed  ranges,  but  their  limits  are  distinctly  controlled  by  the  arrangement 
of  the  trap  systems. 

The  sandstone  of  the  smaller  Secondary  formation  is  chietiy  continod  to  a  nar- 
row unflerlying  range,  anterior  to  the  trap  range  of  tiiat  formation,  apparently  most 
dcveloiHM-l  at  the  southwestern  and  northeastern  i)oints  of  that  range.  At  one  point, 
in  the  former  direction,  south  of  the  Poini)eraug  (South  Britain), a  mass  of  sandstone 
reposes  on  the  Primary  (mica  slate,  GS.  3a),  dipping  northeast  from  the  latter,  and 
toward  the  south  front  of  the  trap  range,  at  a  large  angle;  but  generally  the  sandstone 
appears  as  an  outwork  to  the  trap,  separated  from  the  Primary  by  a  valley  of  greater 
or  le.ss  width.  The  sandstone  of  this  anterior  range  is  either  coarser  grained,  lighter 
reil,  and  more  granitic,  or  finer  graine<l,  darker  red,  and  more  argillaceous;  the  latter 
BOmetimes  forming  a  valuable  freestone.  Both  varieties,  particularly  the  latter,  are 
characterize*!  by  pores,  usually  small,  lined  with  a  black  or  purple  ferruginous  coat- 
ing, fonning  quite  a  distinctive  peculiarity.  The  shale  of  this  formation  occupies  the 
Pl)ace  included  between  the  main  trap  range  and  its  anterior  amygdaloidal  range, 
and  apparently  between  the  )nain  range  and  its  posterior  range,  although  the  latter 
interval  is  chiefly  covered  with  diluvium.  The  shale  is,  however,  scarcely  develojjed, 
excejit  in  connection  with  the  southern  section  of  the  trap  range,  at  its  south- 
western extremity.  *  *  *  The  shale  of  this  formation  is  usually  very  soft,  argil- 
laceous, and  friable,  chiefly  light  red,  with  beds  of  brown  and  dark  bituminous  shale, 
including  thin  be<ls  of  dark  and  light  gray  bituminous  limestone.  Impressions  of 
fish  are  found  in  these  beds,  i)articularly  in  the  limestone.' 

Jhii'ix. — Prof.  Williaiii  ^I.  Davi.s,  who.se  studies  of  the  Newark  roeks 
of  Connofticut  have  now  extended  over  nearly  a  score  of  year.s, 
developed  his  well-known  theory  of  block  faidtino-  in  the  Newark  from 
a  study  of  the  Poniperaug  Valley,  which  he  therefoi-e  describes  as  hav- 
ing furnished  the  ke}'  to  the  Trias.sic  structure.  These  studies  were 
published  in  1S8S.- 

The  sequence  of  the  deposits  dcterrniiu>d  in  the  vicinitv  of  South 
Britain  was  as  follows: 

Si'iiii.cnre  of  flcjio.iitx  'iiear  South  Brllaiit,  Coiiuecticiit. 

(5)  Indication  of  higher  members  buried  in  drift. 
( 4 )  Heavy  sheet  of  trap. 

i<)i).  cit.,  pp.  410,411,427,428,429,450-451. 

=  The  Triassic  formation  of  the  ConiKcticut  Valley,  by  William  Morris  Dnvl.s;  Seventh  Ann.  Kept. 
U.  S.  Gcol.  Survey,  1888,  pp.  468-474, 48G-i'J0. 
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(3)  Shales  containing  fish  scales  and  calcareous  beds,  200  feet  or  more. 

(2)   Thin  amygdaloidal  trap. 

(1)  Sandstones  and  conglomerates  at  base,  several  hmidred  feet  thick. 

Special  study  was  made  of  geological  structure  in  the  areas  north- 
east  of   South  Britain   and   east   of    Woodbury,    and   sketch    maps 
and  sections  were  pre- 
pared   (see    figs.     3-5)  .        .^-r^|   ^ 
for  each  of  these  areas. 
The  peculiarities  of  the 
sti'ucture  are  considered 
to  be  brought  about  bj^ 
faults,  which  are  classi- 
fied   as    oblique   faults 
and  strike  faults.    Con- 
cerning these  the  author 
says : 

Oblique  faults.— The  first 
locality  that  threw  light  on 
the  systematic  arrangement 
of  the  faults  was  near  South 
Britain,  in  the  Pomperaug 
Valley,  within  the  small 
western  Triassic  area  illus- 
trated in  fig.  97.^  Here  the 
paired  outcrops  of  a  con- 
glomerate  overlain    by   the 

thin  amygdaloidal  trap  appear  five  times  in  a  third  of  a  mile,  every  pair  being  dis- 
tinctly out  of  line  with  its  neighbors  and  the  displacements  always  involving  a 
moderate  upthrow  on  the  east  of  a  fracture  running  obliquely  to  the  strike  of  the 
beds.     The  actual  fractures  are,  as  usual,  nowhere  to  be  seen,  as  the  outcrops  have 

but  little  prominence  on  a 
grassy  slope,  but  there  can 
be  no  question  whatever  of 
their  occurrence  (p.  469). 

Strike  faults. — All  the  ex- 
amples thus  far  described 
are  of  tolerably  easy  recog- 
nition, because  the  disloca- 
tion is  not  great  and  cor- 
responding members  of  the 
formation  may  be  seen  not 
far  out  of  line  on  the  two 
sides  of  the  fracture.  In  all 
such  cases  the  fault  line  makes  a  considerable  angle  with  the  strike  of  the  faulted  beds, 
but  in  the  examples  yet  to  be  considered  the  fault  line  is  essentially  parallel  to  the 
strike,  and  therefore  causes  repetition  of  strata  in  a  series  of  parallel  outcrops;  and 
at  first  sight  the  corresponding  members  in  such  cases  are  entirely  independent  and 
unrelated.  The  first  clear  evidence  of  this  structure  found  by  the  writer  was  again 
close  to  South  Britam  in  the  Pomperaug  Valley,  which  may  therefore  be  said  to 

1  See  fig.  3. 


Fig.  3.— Sketch  map  of  the  trap  ridges  near  South  Britain  in  the 
Pomperaug  Valley.  The  outcropping  faces  of  trap  ridges  are 
marked  with  dark  hachure  lines;  the  amygdaloid  is  shown 
by  short  faint  hachures;  the  conglomerate,  sandstone,  and 
shaleareindicatedby  large  dots,  small  dots,  and  lines.  Four 
oblique  faults  dislocate  the  amygdaloid  and  conglomerate 
outcrops  between  themiddle  and  eastern  trap  ridges.  Larger 
faults  separate  the  ridges  themselves.    (After  W.  M.  Davis. ) 


f  to.  4.— Inferred  structure  of  the  district  shown  in  fig.  3.  The 
two  fiiult.s  of  larger  throw,  by  which  a  single  sheet  of  trap  is 
represented  in  tlirec  ridges,  are  proved  by  the  threefold  repe- 
tition of  scries  of  beds  comprising  sandstone,  conglomerate, 
and  amygdaloidal  trap,  shale, and  heavy  trap.    (After  Davis. ) 
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have  furnished  the  key  to  the  Triassic  structure.  Although  far  separated  from  the 
Connecticut  Valley,  the  tojwgraphy  and  the  implied  structure  of  the  two  areas  are 
so  cl()!^ely  alike  that  it  seems  legitimate  to  carry  evidence  from  one  to  the  other.  In 
this  interesting  locality  a  single  series  of  l)eds,  consisting  of  the  conglomerate,  amyg- 
daloid, shales,  and  heavy  trap  already  mentioned,  is  faulted  so  as  to  present  three 
successive  outcrops,  with  upthrow  always  on  the  east,  as  shown  in  fig.  98.'  The 
beds  in  each  block  vary  somewhat  in  dip,  but  in  other  respects  are  closely  similar. 
If  the  trai)  .sheets  had  been  sedimentary  rocks,  the  repetition  by  faulting  must  have 

long  since  l)ei'n  discov- 
ered. A  short  and  low 
ledge  of  trap  in  the  north- 
ern part  of  the  valley  that 
follows  the  westernmost 
fault  line  is  the  only 
obscure  men»ber  of  the 
series,  and  this  may  be 
regarded  aa  a  small  mass 
of  trap  standing  between 
branches  of  the  fault. 

It  will  be  remembered 
that  no  evidence  could 
l)(>  given,  in  the  first  sec- 
tion of  this  report  as  to 
the  intrusive  or  overflow 
origin  of  the  trap  sheets  in 
the  Poniperaug  district; 
but  an  argument  based  on 
the  faults  just  described 
gives  sufficient  reason  for 
supposing  that,  whatever 
their  origin,  the  sheets 
had  their  present  position 
in  the  stratified  series  be- 
fore the  tilting  and  fault- 
ing took  place.  There  are 
only  three  suppositions  to 
be  considered:  First,  that 
they  were  overflows;  sec- 
ond, that  they  were  intru- 
sions thrust  in  before  the 
faulting;  and,  third,  that 
they  were  intrusions  thrust 
in  during  or  after  the  faul- 
ting. In  either  the  first  or 
the  second  case  they  neces- 
sarily were  tilted  and  faulted  with  the  adjacent  stratified  beds.  The  third  case  may  be 
excluded  by  the  reductio  ad  absurdura,  for  it  requires  that  six  separate  intrusions 
should  arrange  them.selves  independently  in  a  determinate  and  systematic  manner. 
The  same  line  of  argument  may  be  applied  to  .several  other  trap  ridges  of  this  district. 
The  ridges  east  of  \Voo(ll)ury  (fig.  99'''),  in  the  same  western  Triassic  area,  offer 
another  illustration  of  the  .same  faulted  structure,  although  the  evidence  for  it  might 
commonly  be  thought  less  conclusive,  because  it  does  not  rest  on  a  repetition  of  sedi- 
mentary strata;  but  a  visit  to  the  .'^pot  leaves  little  doubt  as  to  the  meaning  of  the 


Fig.  5— Miip  iiii<l  section  of  trap  ridges  near  Woodbury.  The  to- 
pogrnj)hy  is  indicated  by  sketched  contours,  with  hachures  for 
trap  blulls.  The  lower  sandstone  slopes  are  all  covered,  and 
the  northern  blufT  of  the  western  groui>  of  ridfrcs  is  quite  buried 
in  drift.  The  crystalline  rocks  appear  on  the  east.  The  section 
suggests  an  interpretation  of  the  surface  forms.    (After  Davis.) 


I  See  fig.  4. 


2 See  fig; 
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structure.  The  ridge-making  beds  in  two  similar  groups  of  hills  east  of  the  village 
consist  of  a  lower  and  an  upper  sheet  of  compact  trap,  separated  by  an  amygdaloidal 
layer;  shales  probably  occur  between  these  sheets,  but  they  are  nowhere  to  be  seen. 
The  similarity  in  the  structure  and  topography  of  the  two  groups  is  so  striking  that 
one  can  not  resist  the  belief  that  they  are  composed  of  the  same  set  of  trap  sheets, 
repeated  by  a  fault  with  upthrow  of  500  or  600  feet  on  the  east  in  the  intermediate 
valley.  The  several  low  ledges  of  unevenly  jointed  trap  on  the  western  side  of  the 
valley  may  be  fragments  of  the  sheets  caught  in  the  fracture,  as  suggested  in  the 
figure.' 

Since  the  Davis  theoiy  to  explain  the  faults  in  the  Newark  beds 
was  derived  from  a  study  of  the  Pomperaug  Valley  area,  and  from  it 
extended  to  the  Connecticut  Valle}'  area,  it  requires  a  careful  consid- 
eration here.  The  conditions  which  call  for  explanation  b}-  this  theor}^ 
as  understood  by  Davis  are:  First,  that  the  strata  have  been  disturbed 
from  their  original  position;  second,  that  this  occurred  after  the  com- 
pletion of  the  deposition,  thus  involving  the  entire  thickness  of  the 
system;  third,  that  the  disturbing  forces  acted  from  without  after  the 
entrance  of  the  intrusive  trap  sheets;  fourth,  that  this  external  force 
affected  a  greater  mass  than  that  of  the  Newark  rocks,  and  fifth,  that 
it  was  felt  over  a  region  so  large  as  to  embrace  isolated  Newark  areas, 
thus  suggesting  that  the  stresses  and  strains  were  determined  less  by 
the  Newark  deposits  themselves  than  by  the  underlying  crystallines. 
A  sixth  probable  condition  was  added,  that  the  disturbing  force  was 
"a  long-enduring  and  a  slow-acting  horizontal  compression,"  exerted 
in  an  east-west  or  southeast-northwest  direction.  A  seventh  condi- 
tion, and  the  most  important  one,  is  elsewhere  stated  (p.  481)  to  be 
that  the  entire  system  of  Newark  rocks  shall  be  broken  into  a  series  of 
long,  narrow,  parallel-sided  blocks  by  faults  having  upthrow  almost 
alwaj's  on  the  east,  and  a  uniform  tilt  in  the  block  to  the  eastward.^ 
The  ingenious  theory  offered  by  Davis  to  meet  these  conditions  sup- 
poses that  the  underlying  crystalline  rocks  have  a  generall}^  uniform 
northeast  southwest  strike  and  a  steep  easterly  dip.  Intense  horizontal 
compression  of  the  area  in  a  direction  normal  to  the  strike  of  the  crys- 
talline beds  is  supposed  to  cause  a  tilting  of  the  nearl}^  vertical  rock 
slabs,  with  differential  accommodation  of  these  beds  upon  one  another, 
so  that  their  basset  edges,  which  before  would  in  an  east-west  section 
have  presented  a  continuous  and  only  gentl}^  curving  line,  are  so 
broken  as  to  produce  a  series  of  serrations  with  steep  western  and 
gentle  eastern  slopes.  This  accommodation  of  the  beds  by  faulting 
along  their  bedding  planes  is  of  necessity  not  confined  to  the  cr3'stal- 
lines,  for  the  faults  must  pass  upward  through  the  overhang  Newark 
deposits,  and  thus  produce  faults  with  upthrow  always  in  the  same 
limb. 

When  the  structure  of  the  Pomperaug  Valley  area  has  ))oon  con- 

'  Op.  cit.,  pp.  471-4";?.  -  Op.  cit.,  pp.  481-J'.K'.. 
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sidored.  this  quostion  will  be  examined  in  more  detail.  In  his  latest 
paper/  Davis  reaffirms  his  belief  in  the  adequacy  of  this  hypothesis, 
which  has  in  the  meantime  l)een  adopted"  for  other  areas  of  the 
Newark  system. 

Jimsell. — Russell  in  his  correlation  paper  on  the  Newark  system, 
in  reviewing  Davis's  studies  in  the  Pomperaug  Vallej^  area,  suggests 
that  that  area  is  ''a  local  fault  basin,  and  that  its  preservation  is  due 
to  the  depression  1)y  faulting  of  a  small  portion  of  the  original  Newark 
terrane  below  the  present  horizon  of  base-level  erosion.'" 

Hovey  has  described*  the  well-boring  for  oil  made  in  1888-89  near 
Southbur}',  in  the  Pomperaug  Valley.     He  reports  that: 

The  well  interst>cts  re<l  and  black  shales,  red  sandstones,  and  tongloinerates,  and 
two  trap  sheets,  and  at  about  1,235  feet  passes  from  the  fragniental  Triassic  rocks 
into  the  highly  crystalline  gneisses  and  mica-schists,  so  widely  distributed  throughout 
New  England. 

SECTION  3.— CONDITIONS   OF  THE    PRESENT   INVESTIGATION. 

Th(>  present  study  was  undertaken  in  connection  with  the  pi'epara- 
tion  of  the  geological  map  of  an  area  in  southwestern  New  England. 
Field  work  was  carried  on  during  the  months  of  August  and  Sep- 
tember, isit'.t.  during  a  portion  of  which  time  efficient  assistance  was 
rendered  l)y  Mr.  Henry  H.  Robinson,  of  New  Haven.  For  consideral)le 
local  information  and  for  specimens  of  fossil  fishes  and  woods,  as  well 
as  for  other  favors,  I  am  under  obligation  to  Rev.  David  F.  Pierce 
and  Mr.  Henry  M.  Canfield,  both  of  South  Britain,  Connecticut.  For 
counsel  regarding  the  theoretii-al  considerations  included  in  this  report, 
1  am  indebted  to  Prof.  Chas.  S.  Slichter,  of  the  University  of  Wisconsin. 

The  area  here  studied  extends  about  10  miles  north  and  south  by 
about  5  miles  east  and  west,  the  included  area  of  Newark  rocks  being, 
however,  considerably  smaller  and  comprising  less  than  20  square 
miles.  Its  longer  axis  has  a  direction  N.  15°  E.,  and  an  extension 
of  about  8  miles.  The  topography  of  the  area  is  represented  with 
exceptional  fidelity  upon  the  New  Milford,  Waterbury,  Derby,  and 
Dan  bury  atlas  sheets  of  the  United  States  Geological  Survey,  the  area 
being  for  the  most  part,  however,  included  in  the  Waterbury  and 
Derby  sheets.  A  glance  at  these  sheets  is  sufficient  to  show  the  markca 
depression  of  the  area  of  Newark  rocks  below  that  of  the  surrounding 
crystalline  schists,  whose  wall-like  slopes  meet  the  floor  of  the  basin  in 
peculiar  finger-like  dovetailings.  From  the  floor  of  the  basin  the  hard 
Newark  traps  rise  in  the  central  portion,  the  softer  sandstones  and 
shales  having  been  carved  away  by  the  Pomperaug  River,  so  as  to  pro- 
duce cameo-like  surfaces. 

1  The  Triassic  formation  of  Connecticut,  by  William  Morris  Davis:  Eighteenth  Ann.  Rept.  U.  S. 
Gecl.  Survey,  1898,  Pt.  II,  p.  1-10. 

2  Emorson]  op.  cit.,  p.  377;  Kummel,  op.  cit..  p.  146.  ■  "  Ru-ssell,  Bull.  No.  So,  p.  82. 
<The  oil  well  at  Southbnry,  Conn-.ti,.  ,t   i,y  v„  o.  Hov<-y:  Sri.  Am.,  May  3,  1890,  p.  27.5. 
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In  the  course  of  the  Held  study  it  soon  became  evident  that  the 
geological  structure  of  the  area  was  so  complicated  that  it  could  not  be 
adequately  represented  upon  the  topographic  atlas  sheets,  which  are 
printed  on  a  scale  of  one  inch  to  the  mile.  Accordingh',  for  the  areas 
about  the  villages  of  South  Britain  and  Woodbury,  where  the  Newark 
rocks  are  best  represented,  detailed  maps  were  prepared  on  a  scale  of 
four  inches  to  the  mile,  and  on  these  maps  for  considerable  areas 
nearly  every  outcrop  was  located  by  pacing  from  some  near  deter- 
mined base.  By  this  means  relations  were  made  out  which  nmst 
otherwise  have  escaped  observation.  The  study  is,  therefore,  partic- 
ularly for  the  areas  represented  by  these  detailed  maps,  one  of  much 
detail. 

The  subject-matter  of  this  report  will  be  treated  under  the  general 
heads:  Deposition,  Petrography,  Deformation,  and,  lastly,  Degrada- 
tion. 
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DEPOSITION. 

SECTION    I.— MEMBERS  OF  THE   NEWARK  SYSTEM   AND   THEIR 
AREAL  DISTRIBUTION. 

Tho  Newark  system  as  represented  in  the  Pomperauo-  Valley  eon- 
sists  of.  tirst.  a  coarse  arkosc  eonjilonierate  with  inchided  layers  of  red 
arkose  sandstone  and  shale  (the  basal  member),  which  may  be  desig- 
nated the  South  Britain  conglomerate;  second,  a  thin  sheet  of  amyg- 
daloidal  basalt,  which,  in  conformity  with  the  usage  of  Percival  and 
Davis,  may  be  designated  the  anterior  ))asalt  (''trap")  sheet;  third, 
a  series  of  red  shales,  l)lack  bituminous  shales,  and  gray  bituminous 
limestone,  which  will  }>e  designated  the  anterior  shales;  fourth,  a 
generally  dense  black  Iwisalt  sheet,  which,  again  in  conformity  with  the 
estal)lished  nomenclature,  will  ])e  designated  the  main  basalt  ("trap") 
sheet;  and.  fifth,  shale  and  sandstone  probably  belonging  to  the  pos- 
terior sandstones  as  defined  for  the  series  of  the  Connecticut  Vallej' 
area.  This  uppermost  member  of  the  series  is  somewhat  problemati- 
cal, inasmuch  as  it  is  found  exposed  at  a  single  locality  onl}',  but  the 
evidence  from  the  Southl)urv  oil-well  l)oring,  as  well  as  that  from  the 
topographic  development  of  the  valley,  is  altogether  in  favor  of  its 
presence.  The  fact,  too,  that  it  would  doubtless  have  been  without  any 
considerable  amount  of  protection  from  overlying  trap  sheets  is  suHi- 
cient  warrant  that  its  beds  would  in  any  case  be  very  largely  removed 
through  the  action  of  both  stream  and  ice  erosion. 

The  series,  then,  is  as  follows,  ))eginning  with  the  l)ase: 

Stn-ies  of  Xnrark  si/slejn  in  Powpeniuii  Vulli-i). 

(1)  The  Soutli  Britain  conglomerate. 

(2)  The  anterior  basalt  sheet. 

(3)  The  anterior  .shales. 

(4)  The  main  basalt  sheet. 

(5)  The  posterior  shales. 

South  Britain  arh»<e  conglomerate. — This  basal  member  of  the  New- 
ark .sj'stem  is  found  principally  in  the  vicinit}-  of  the  village  of  South 
Britain,  the  best  exposures  being  on  the  shoulder  of  Pine  Hill,  east 
and  southeast  of  D.  M.  Mitchell's  place  (see  PI.  VIII).  Other  good 
sections  are  found   in  the    bed  of   the  Pomperaug  Iii\er,  extending 
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north  from  the  road  bridge,  tiiid  in  the  ridge  one-half  mile  long  north- 
east of  the  village  and  west  of  Rattlesnake  Hill.  Shales  and  sand- 
stones doubtless  belonging  to  the  same  formation  are  found  in  occa- 
sional exposures,  chiefly  in  gullies,  extending  from  the  latter  another 
half  mUe  to  the  northward,  be3'ond  which  is  a  large  area  of  drift- 
covered  slope.  These  shales  are  seen  to  best  advantage  in  the  Oliver 
Mitchell  Brook  section  (rig.  (')).  At  a  single  localitv  only  (at  the  west- 
ern base  of  the  ti-ap  wall  of  East  Hill)  this  formation  has  been  found 
exposed  between  that  point  and  Woodbur}-.  The  northern  slope  of 
Horse  Hill,  to  the  southwest  of  South  Britain,  is  strewn  with  large 
blocks  of  this  formation,  although  many  have  already  been  carried 
away  and  utilized  as  building  stone.     At  several  localities  near  the 


■mygdaloi 


Fig.  6. — Geological  sketch  map  of  OH 
eriite  is  indicated  by  small  circles, 
areas  spotted  by  white  circles. 


Mitchell  Brook,  near  South  Britain.    The  arkose  congtom- 
c  shnle  by  stippling,  and  the  amygdaloidal  basalt  l)y  l)laik 


summit  of  the  hill  (on  the  land  of  Mr.  Bradley)  the  conglomerate  has 
been  encountered  in  plowing,  and  it  was  found  po.ssible  to  examine 
it  here  over  a  considerabh^  area  ]\v  simply  removing  a  few  spatlefuls 
of  earth.  In  the  northern  portion  of  the  basin  the  conglom(>rate  is 
seen  in  two  exposures  only,  one  north  of  each  of  the  twins  of  Orenaug 
Hill.  There  are  other  localities,  however,  where  the  peculiar  red 
color  of  the  soil  over  limited  areas  is  taken  to  indicate  that  tlie  rock 
would  probal)ly  lie  encountered  at  the  depth  of  only  a  few  feet  from 
the  surface.  Such  localities  inuy  be  .seen  near  Pomperatig  Valley 
Station  and  on  the  north  Hanks  of  Bates  Hill,  Ragland.  and  West 
Orenaug  Hill. 


42  NEWARK    SYSTEM    OF    POMl'ERAUG    VALLEY,    CONN, 

While  generally  a  eoari<e  breccia  or  conglomerate  composed  of 
angular  fragments,  the  South  Britain  conglomerate  incloses,  as  already 
mentioned,  beds  of  red  sandstone  and  shale.  The  shales  are  best 
observed  in  the  left  (western)  bank  of  the  Pomperaug  River  below  the 
South  Britain  bridge,  and  also  ])el()w  the  amygdaloid  in  the  Oliver 
Mitchell  Brook  section. 

A  very  large  pi'oportion  of  the  pebbles  of  the  conglomerate  are 
either  cleavage  fragments  of  a  red  orthoclase  feldspar  or  rounded 
masses  of  vein  quartz.  With  these  are  found  feldspar  inclosing 
quartzes  in  parallel  orientation  (pegmatite  or  "graphic  granite"), 
both  coarse  and  tine  granite,  with  an  occasional  pebble  of  the  connnon 
white  gneiss  of  the  region  or  of  mica-schist.  Sometimes  quartz  p(>b- 
bles  contain  needles  of  l)lack  tourmaline,  and  an  occasional  pebble  is 
composed  of  mica  in  large  scales — apparently  a  micaceous  phase  of 
pegmatite.  The  great  mass  of  the  material — the  feldspar,  quartz, 
graphic  granite,  and  muscovite — has  clearly  been  derived  from  peg- 
matite, granitic  material  being  the  next  in  order  of  al)undance. 

In  size  the  pe))l)les  vary  from  microscopic  dimensions  to  several 
inches  in  diameter.  The  feldspar  is  invariably  in  cleavage  fragments, 
at  most  but  slightly  rounded  on  the  edges  and  angles,  although  the 
quartz  pebbles  are  subangular  and  the  granite  pebbles  are  frequently 
thoroughly  abrath'd  to  the  form  of  Hat  oblate  spheroids  or  triaxia! 
ellipsoids.  One  i)<'])ble  having  the  form  of  a  well-rounded  ellipsoid, 
coated  with  a  film  of  ferric  oxide,  on  ])eing  broken  in  halves  was 
found  to  l)e  composed  on  the  one  side  of  coarse  gi'anite  and  on  the  other 
of  liner  granite.  The  latter  was  remarkably  fresh,  while  the  former 
showed  considerable  evidence  of  decomposition,  and  was  thi-oughout 
stiiined  with  a  brown  ferruginous  oxidation  product.  The  fact  that 
the  feldspar  pebldesan^  found  so  generally  in  ord}'  moderately  rounded 
cleavage  fragments  may  indicate  their  transportation  ])y  violent  cur- 
rents, which  would  fracture  them  before  reducing  them  to  rounded 
forms. 

One  of  the  blocks  of  conglomerate  collected  on  the  northwest  slope 
of  Horse  Hill  is  a  coarse  arkose  sandstone  containing  veiy  flat  pebbles 
of  red  shale  a  half  inch  or  more  in  diameter  and  an  eighth  of  an  inch 
or  less  in  thickness.  Although  this  rock  has  not  been  found  in  situ, 
it  is  clearly  of  local  origin,  and  the  shale  is  moreover  identical  with 
that  which  forms  subordinate  layers  in  the  conglomerate  itself.  Such 
shale  layers  are  found  interbedded  with  the  conglomerate  in  the  bed 
of  the  Pomperaug  River  at  South  Britain  and  along  the  western 
shoulder  of  East  Hill,  north  of  Oliver  Mitchell's.  This  shale  con- 
glomerate is  therefore  an  intraformational  conglomerate,*  and  is  best 

TiUeozoic  intraformational  congkuncrntes,  by  C.  D.  Walcott:  Bull.  Geol.  Soc.  Am.,  Vol.  V,  1894,  p. 
192.  aImi,  Principles  of  North  American  i)re-Cambrian  geology,  by  C.  R.  Van  Hise:  Sixteenth  Ann. 
K'l.t  r.  -.:.  Geol.  Survey,  Pt.  1, 1890,  p.  72:i. 
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explained,  as  it  seems  to  me,  >)y  assuming-  tliat  while  the  Soath 
Britain  conglomerate  was  in  process  of  deposition  certain  portions, 
partially  consolidated,  were  locally  elevated  above  the  general  water 
surface. 

At  or  near  the  contact  of  this  horizon  with  the  overlying  member — 
the  sheet  of  amygdaloidal  basalt — the  conglomerate  or  arkose  is  more 
den.^e  and  firm  than  is  normally  the  case.  It  rings  under  the  blow  of 
the  hammer,  and  it  is  moreover  usuall}^  paler  in  color.  The  rock  occu- 
P3'ing  the  bed  of  the  river  at  the  South  Britain  dam,  though  not  now 
in  the  vicinity  of  basalt,  has  all  the  above  characteristics,  and,  like  the 
other  occurrences  of  pale,  dense  arkose  in  the  basin,  it  is  believed  to 
owe  its  peculiar  proper- 
ties to  a  baking  process 
induced  by  heated  igne- 
ous rock  (see  p.  89). 

Anterior  'basalt  sheet 
{amygdaloid).  — This 
member  of  the  system 
is  found  only  near  South 
Britain  in  the  south- 
western portion  of  the 
Pomperaug  Basin.  It 
consists  of  a  belt  of  veiy 
vesicular  and  m  u  c  h 
weathered  basalt,  always 
less  than  50  feet  in  thick- 
ness. Its  vesicles  are  of 
onlj^  moderate  size,  but 
very  numerous  and  par- 
tially filled  either  with 
hydrated  oxide  of  iron  or  with  the  characteristic  infiltrated  min- 
erals calcite,  epidote,  chlorite,  etc.  The  groundmass  of  the  rock  has 
generally  a  greenish  or  brownish  color  dependent  on  the  degree  of 
alteration  which  it  has  suffered.  Owing  to  the  entrance  of  water  into 
the  half-filled  vesicles,  frost  has  been  an  active  agent  in  disintegrating 
the  rock,  and  has  covered  the  surface  of  most  outcroppings  with  a 
layer  of  small  angular  chips  of  a  size  averaging  that  of  a  hazelnut, 
beneath  which  the  fresher  rock  is  ol)tained  onl}^  by  digging.  B}'  this 
deposit  of  chips  the  horizon  may  be  easily  followed  when  no  even 
moderately  fresh  rock  is  exposed  at  the  surface.  The  extension  of 
this  sheet  forms  a  broken  belt,  which,  starting  from  the  southwest  foot 
of  Pine  Hill,  trends  north-northwest  with  interrupted  but  nearly  con- 
tinuous segments  until  it  bends  sharply  to  the  southwest  in  the  hill 
east  of  Oliver  Mitchell's  brook,  in  the  latitude  of  the  "Triangle"  (see 
fig.  7).     The  thread  is  next  taken  up  by  an  interrupted  NNE.-SSW. 


the  arenl  developn 
sheet  of  basalt. 
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belt  l^eginning  in  the  "spring  house  section."  southeast  of  Rattle- 
snake Hill.  To  the  westward  of  the  same  hill  a  belt  of  the  aun-g- 
daloid  trends  a  little  west  of  north  from  Sage's  creamery  a  distance 
of  over  half  a  mile,  to  near  Oliver  MitchelFs  spring,  where  it  off- 
sets slightly  to  the  Avestward,  its  outcrops  extending  in  a  slightly 
different  direction  an  eighth  of  a  mile  farther  to  Oliver  jMitchelTs 
brook.  The  only  other  occurrence  of  this  sheet  is  found  in  a  few 
small  exposures  near  the  Red  Spring  in  the  valley  to  the  st)utli  of 
Poverty. 

Anterior  x] Kill . — This  horizon  is  only  rarely  found  in  outcrop.  The 
best  exposures  for  indicating  its  place  in  the  series  are  located  in  the 
"spring  house  section,"  east  of  Sage's  creamer}'  at  South  Britain. 
There  are  but  two  other  sets  of  exposures,  one  in  Oliver  JMitcheH's 
brook,  the  other  in  the  vicinity  of  'he  Red  Spring  south  of  Poverty. 
Although  so  little  of  this  horizon  is  foiuid  exposed,  its  presence  is 
nevertheless  inferred  in  other  localities  with  nuu-h  probability  from 
the  topography,  for  wherever  tlie  anterior  basalt  is  found  along  the 
southwest  flank  of  the  Newark  area,  a  valley  of  nearly  uniform  width, 
generally  devoid  of  outcroppings,  sepai"ates  it  from  a  scarp  of  the 
main  basalt  sheet  to  the  eastward.  There  is,  moreover,  nothing 
remarkable  in  the  absence  of  the  shale  from  the  surface  of  its  areas, 
foi"  aside  from  its  soft,  yielding  character,  it  has  not  been  protected 
by  harder  beds  except  inunediately  below  the  main  basalt  cliff',  where 
it  would,  of  course,  l>e  buried  in  talus.  An  extension  of  the  area  of 
shale  of  the  "spring  house  section''  is  probably  indicated  in  a  deposit 
of  red  and  blue  clay  which  was  reported  to  have  been  found  beneath 
the  peat  swamp  north  of  Sherman  Hill  and  east  of  Rattlesnake  Hill. 
According  to  Henry  ]M.  Cantield,  on  whose  propert}'  the  peat  bog  is 
located,  the  red  and  1)1  ue  clays  were  found  when  peat  was  taken  from 
this  swampy  area  during  an  especially  dry  season  a  good  man}'  years 
ago.  From  the  occurrence  of  the  northeasterlv  trending  bands  of  con- 
glonu^rate  and  amygdaloid  to  the  northwest  of  this  swamp}'  area  it 
should  have  been  occupied  l)y  shale,  provided  the  Newark  series  is  not 
interiupted  at  the  boundary  of  the  amygdaloid. 

The  rocks  of  this  member  are  of  quite  fine  grain,  but  show  considera- 
ble variation  in  color  and  in  composition.  Besides  the  soft  gray  and 
red  shale,  there  is  found  a  dark  shale,  which,  on  being  broken,  smells 
strongly  of  bitumen,  and  is  in  fact  a  bituminous  shale.  A  gray  or 
slate-colored  impure  limestone,  frequently  also  rich  in  bitumen,  is 
found  in  the  vicinity  of  Red  Spring  and  a  little  to  the  northward  of  it. 

Almost  or  quite  a  century  ago  a  deep  shaft  was  opened  in  the  gully 
below  the  "spring  house"  (South  Britain)  in  the  vain  hope  of  dis- 
covering a  coal  mine.  According  to  Mr.  H.  M.  Cantield,  this  shaft 
penetrated  shales,  and  gray  and  bituminous  limestones  as  well,  frag- 
ments of  all  of  Avhich  were  afterwards  washed  from  the  dumps  down 
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the  gull3^     Near  the  main  highway  at  the  bottom  of  the  gully  these 
rocks  are  now  to  be  found  in  considerable  abundance. 

Main  hasalt  sheet. — The  main  basalt  sheet,  because  of  its  great  den- 
sity and  hardness  and  its  great  stabilit}^  from  a  chemical  point  of 
view,  has  controlled  the  principal  relief  forms  within  the  Pompcraug 
Basin.  Although  its  thickness  can  not  be  accuratel}'  determined,  it  is 
probably  several  hundred  feet.  Its  outcrops,  generally  bounded  on 
the  west  and  sometimes  on  other  sides  b}'  steep  scarps,  occup}-  all  the 
high  points  of  the  valley.  As  stated  by  Percival,  they  are  arranged 
in  two  parallel  belts  whose 
general  trend  is  with  the  val- 
ley, but  for  the  southern  por- 
tion of  the  basin  this  state- 
ment is  true  only  in  a  general 
sense,  for  south  of  Poverty 
there  are  three  prominent 
parallel  ridges,  with  lower 
and  less  regular  belts  farther 
east.  From  the  latitude  of 
Poverty  northward  to  Pomp- 
eraug  the  two  parallel  ridges 
are,  however,  very  marked, 
the  Avestern  and  higher  one 
being  continuous,  the  lower 
and  eastern  one  frequently 
interrupted,  and  in  the  south- 
ern portion  its  relief  is  low 
and  the  presence  of  the  basalt 
is  not  always  apparent  with- 
out search  (see  tig.  8).  The 
course  of  this  double  belt  is 
not  rectilinear,  but  zigzag — 
first  it  runs  nearly  a  mile 
about  due  north,  then  with  a 
sharp  elbow  it  turns  N.  S-i*^  E. 
for  another  mile,  then  it  as- 
sumes a  direction  N.  15°  E.  for  a  mile  and  a  half,  the  two  ridges  being 
everywhere  distant  from  one  another  about  one-third  of  a  mile.  North- 
ward from  Pomperaug  the  d()ul)le  ridge  is  less  prominent,  although 
the  exposures  of  basalt  clearly  extend  in  a  direction  N.  54°  E.  for 
something  less  than  a  mile,  from  which  point  the  double  ridge  is 
i-esumed  with  a  trend  of  about  N.  15°  E.  by  the  twin  hill  known  as 
Orenaug  Hill.  The  exposed  area  in  each  twin  of  Orenaug  Hill  is,  how- 
ever, rhom})ic  in  outline  instead  of  being  a  narrow  belt  with  parallel 
sides,  as  is  generally  the  case  Itctween  Poverty  and  this  point. 
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The  arranj^einoiit  of  the  exposures  in  the  vicinitv  of  South  Britain 
is  niueh  less  simple  than  in  the  area  to  the  northward,  for  a  single 
section  across  the  ridges  would  here  in  one  direi-tion  intersect  no  fewer 
than  six  distinct  belts.  The  most  prominent  of  the  basalt  ridges  in 
this  vicinity  ai'e  Rattlesnake  Hill,  the  southern  extension  of  East  Hill, 
a  parallel  ridge  between  them,  Sherman  Hill  (trending  almost  at  right 
angles  to  those  just  mentioned),  and  Pine  Hill,  which  is  a  complex  of 
northerlv  trending  ridges  forming  a  southward  extension  of  East  Hill, 
A  .section  across  this  ridge  is  shown  in  tig,  9,  The  series  of  ridges 
just  enumerated  are  seen  in  protile  in  ever\'  view  of  the  valley'  from 
its  southern  wall,  but  with  special  advantage  from  the  railroad  cut  on 
the  north  flank  of  the  hill  designated  on  the  topographic  map  Georges 
Hill  (see  Pl,V,.l). 

The  rock  of  the  main  basalt  sheet  in  the  western  P^ast  Hill-Kiigland 
ludt  is  a  dense  l)lack  l)asalt  or  diabase  which  rings  under  the  hammer 
and  otfers  the  greatest  resistance  to  its  attacks,  as  well  as  to  those  of 
the  decomposing  and  disintegrating  forces  of  the  atmosphere.  Locally 
it  shows  nearly  perfect  prismatic  or  columnar  jointing,  as  in  the  cliti' 


Fui.  9.— Profile  of  Pine  Hill.  The  western  ridRos  are  of  the  more  massive  rock,  but  some  of  llicm 
contain  evidences  of  vesicular  texture  in  the  presence  of  small,  nearly  sphericfil,  agates.  The 
eastern  ridgt-s  are  conMiderubly  more  amygduloidul  in  texture. 

forming  the  western  fae(>  of  Sheiinan  Hill,  or,  l)etter,  in  the  western 
did'  face  of  East  Hill  in  the  Poverty  di.strict.  In  the  latter  locality 
the  structure  is  displayed  in  great  perfection,  the  prisms  radiating 
from  centers  in  the  almost  perpendicular  wall  having  been  individually 
separated  into  segments  by  parting  planes  perpendicular  to  their  main 
axes  (.see  PI.  111).  In  the  small  "neck"  shaped  hill  one-fourth  of  a 
mile  northwest  of  Pompt^raug  Valley  Station  the  upper  surface  of  the 
exposure  is  crossed  by  thin  silica  veins  to  form  a  honeycomb-like 
network,  suggesting  that  prismatic  jointing  cracks  have  here  Ijcen 
subsequently  healed  by  infiltration  of  silica. 

It  is  not  uncommon  to  find  numerous  minute  elongated  lenticular 
cavities  in  the  basalt  of  this  .sheet,  these  vesicles  Ijeing  generally  lined 
and  partially  filled  with  brown  iron  oxide. 

In  contrast  with  the  western  belt  of  the  main  basalt  sheet,  the  east- 
ern one  is  characterized  ])v  coarse  vesicular  structure,  spheroidal 
parting,  and,  what  is  doubtless  the  natural  consequence  of  these  open 
structures,  greater  decomposition  and  disintegration.  In  comparison 
with  the  anterior  basalt  .-heet,  the  vesicles  of  the  main  sheet  are  gen- 
erally larger  but  less  numerous,  and  it  is  generally,  but  not  always, 
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easy  to  distinguish  specimens  from  the  two  sheets  on  this  ba.sis.  The 
fresher  appearance  of  the  main  basalt,  however,  aids  in  this  determi- 
nation. The  same  tendenc}^  to  cover  its  slopes  with  chips  of  weathered 
rock  which  was  noted  in  connection  with  the  anterior  sheet  is  also  to  be 
observed  here. 

The  spheroidal  parting  is  often  very  beautifully  shown  in  exposures 
of  this  sheet — e.  g.,  at  the  road  corner  northwest  of  the  Oak  Tree 
House  at  Southbury.  It  is  best  observed,  however,  on  the  right 
(western)  bank  of  D.  M.  Mitcheirs  brook,  just  above  the  main  bend 
and  below  the  Stiles  shale  pits  and  due  east  of  the  "'Triangle." 

The  cavities,  which  in  the  basalt  of  the  southeastern  areas  vary  from 
elongated  lenticular  vesicles  filled  with  brown  oxidation  products  to 
amygdules  the  size  of  a  pea  or  larger  tilled  with  calcite,  epidote,  etc., 
in  the  northeastern  area  of  Orenaug  Hill  become  geodes  the  size  of 
the  fist  or  even  considerably  larger.  These  geodes  are  lined  or  even 
filled  with  very  beautiful  botrj^oidal  masses  of  pale  green  prehnite, 
with  which  are  associated  calcite,  barite,  certain  zeolite  minerals,  etc. 
In  the  area  of  amygdaloidal  basalt  located  in  the  elbow  of  the  eastern 
belt  southeast  of  Bates  Rock  are  found  somewhat  similar  geodes 
filled  with  chalcedony  to  form  agates,  or  lined  sometimes  with  trans- 
parent colorless  or  with  amethystine  quartz  crystals.  The  basalt^ 
near  the  sunnnit  of  Pine  Hill,  in  the  southwestern  part  of  the  area, 
contains  elongated  vesicles  partially  filled  with  limonite,  and  also 
almost  perfect  spheroidal  ones  a  few  millimeters  in  diameter  tilled 
sometimes  with  limonite,  but  at  other  times  with  a  massive  opalescent 
yellow  to  white  substance  which  cuts  glass  and  is  doubtless  either  opal 
or  chalcedony. 

SECTION  2.— RELATIONS  OF  THE  NEWARK  SYSTEM  TO  THE  BASE- 
MENT FLOOR  OF  CRYSTALLINE  ROCKS. 

Percival  states  that  the  sandstone  of  the  basin  at  one  point  south  of 
the  Pomperaug  River  (near  South  Britain)  reposes  upon  the  Primary 
(mica-slate),  dipping  northeastward  from  it  toward  the  trap  range. 
After  diligent  search  at  the  locality  I  am  led  to  believe  that  this 
statement  was  intended  to  convey  the  meaning  that  the  sandstone 
or  conglomerate  beds  at  tliat  point  approach  the  crystallines,  and  by 
reason  of  their  dipping  away  from  them  would  by  an  assumed  exten- 
sion pass  over  them,  for  nowhere  have  I  found  an  exposed  contact 
of  the  two  formations.  That  the  Newark  beds  do  repose  upon  the 
crystallines  can  hardly  be  doubted,  since  no  rocks  of  intermediate 
age  are  exposed  in  the  vicinity.  Moreover,  the  attitude  of  the  South 
Britain  conglomerate  on  the  northern  slope  of  Horse  Hill,  correctly 
described  by  Percival  as  dipping  away  from  the  crystallines  (toward 

'Specimen  4135. 
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the  trap),  i.s  i)ivsuinptive  evidence  at  least  that  the  former  airhes 
over  the  latter  in  a  jrreat  roof.  The  ledjjes  of  eonirlonierate  encoun- 
tered l)y  plowintr  near  the  summit  of  the  hill,  and  the  great  l)locks 
of  the  same  rock  scattered  over  its  northern  slope,  indicate  that  in 
all  probability  the  uppermost  bed  over  the  entire  northern  suiumit 
and  slope  of  the  hill  is  conglomerate.  That  these  loose  l)locks  are  of 
.strictly  local  derivation  seems  probable  from  the  fact  that  their  dis- 
tribution conforms  somewhat  closely  to  the  tojjographic  peculiarities 
believed  to  l)e  characteristic  of  the  softer  rock.  A  prol)al)le  outcrop 
of  the  conglomerate  was  a«'tually  found  within  a  few  rods  of  gneiss 
near  the  eastern  foot  of  Horse  Hill,  about  one-eighth  of  a  mile  south 
of  the  Curtiss  place  (see  tig.  31.  p.  !«:i).  but  this  locality  furnishes 
nothing  conclusive  regarding  the  relations  of  the  conglomerate  to  its 
floor.  That  a  marked  unconformity  exists  between  the  two  systems 
here  in  question  is  of  course  to  be  expected  from  the  accumulated 
knowledge  derived  frotn  other  Newark  areas,  and  esjjecially  from  tiie 
study  of  the  Roaring  Hrook  section  at  Southington.  in  the  Connecticut 
Valley,  by  Davis. ' 

It  seemed  desirable,  however,  to  uncover  if  possil)le  the  contact  of 
the  two  syst<Mns  in  the  I'oiuperaug  Hasin.  and  after  several  unsuc- 
cessful attempts  had  Iteen  mad*-  by  digging,  a  trench  was  tinally 
ojMMied  on  the  .shoulder  of  Horse  Hill  al)out  one-eighth  of  a  mile 
.south-southwest  of  the  Curtiss  place  (A  in  Hg.  31.  p.  !>2).  This  trench 
was  b«'gun  at  the  tftp  of  the  steep  slope,  which  below  is  occupied  l\y 
exposures  of  gneiss.  Above  (west  of)  this  initial  point  there  is  a  sort 
of  level  plateau,  strewn  with  pel)bles  of  sandstone  and  conglomerate, 
and  continuous  without  marked  topographic  interruption  with  the 
locality  on  the  lirow  of  the  hill  where  the  conglomerate  has  been 
exjMtsed  by  the  plow.  To  the  eastward  of  the  same  initial  point  the 
steep  slope  descends  a  few  rods  to  a  narrow  shelf,  in  the  middle  of 
which  is  a  probable  outcrop  of  the  conglomerate.  lielow  this  shelf  a 
.second  steep  slope,  with  exposures  of  the  gneiss,  descends  to  a  marsh  on 
the  level  of  the  main  highway.  The  probable  conglomeiate  exposuie 
is  sejiarated  from  the  gneiss  on  both  the  west  and  east  Ity  1  or  2  rods 
of  difHcult  trenching,  so  that  the  table  at  the  top  of  the  section  offered 
the  l>e>t  ])r()spects  of  discovering  a  contact  of  the  two  formations. 
From  the  exposure  of  gneiss  at  the  brow  of  the  upper  steep  .slope  a 
trench  was  carried  a])out  14  feet  westward.  The  gneiss  was  uncov- 
ered at  the  depth  of  a  few  feet,  its  basset  edges  having  ])een  planed 
away  to  form  a  generalh'  level  surface,  on  which  groovings  and 
.scratching.s  are  still  jneserved — its  surface  was  ice  planed.  Occupy- 
ing tvro  shallow  trough-like  depressions  of  this  surface,  each  a  few 
inches  in  width  and  extending  to  a  depth  of  less  than  an  inch,  was 
found  brown  sandstone,  w  hich  was  easil}'  scaled  away  with  the  ham- 
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mer,  exposing  a  rough  gneiss  bottom  in  each  trough  (c  in  fig,  10). 
From  this  observation  it  seems  to  be  clear  that  the  crystalline  rocks 
(g)  here  form  the  basement  on  which  the  Newarli  beds  were  uncon- 
formably  deposited,  that  this  floor  presents  inequalities  of  surface, 
and  that  the  ice  of  the  Glacial  period  planed  away  most  of  the  over- 


FlG.  10.— Section  of  the  gneiss  ridge  of  Horse  Hill  (locality  A  in  fig.  31)  on  the  Curtiss  place,  looking 
north,  shelving  South  Britain  conglomerate  in  hollows  of  the  glaciated  gneiss  surface,  c,  con- 
glomerate; g,  gneiss. 

lying  sandstone  and  conglomerate,  leaving  of  it  onl}-  such  as  was  pro- 
tected in  the  bottoms  of  those  troughs,  on  the  surface  of  the  gneiss 
terrane,  which  were  below  the  level  of  abrasion. 


SECTION 


.—CONTACTS    BETWEEN    THE    SEVERAL   MEMBERS   OF 
THE  NEWARK  SYSTEM. 


A  considerable  number  of  contacts  of  the  conglomerate  with  the 
anterior  basalt  have  been  found,  and  others  can  be  uncovered  by  a 
little  scratching  with  the  hammer  at  a  number  of  places.  Elsewhere, 
for  special  objects,  digging  has  been  resorted  to  with  success.  In  the 
case  of  the  main  sheet  of  basalt  the  problem  has  been  more  difficult, 
since  the  talus  slopes  at  the  foot  of  its  cliffs  and  the  yielding  nature  of 
the  shales  and  limestones  on  either  side  of  it  would  make  the  discovery 
of  a  contact  with  this  member  a  veiy  fortunate  circumstance. 

Contact  of  the  South  Britain  conglmnera.te  %oith  the  anterior  hasalt 
sheet. — The  exposures  of  these  members  of  the  Newark  system  gener- 
allj^  appear  in  close  companionship,  and  in  only  one  instance  has  an 
exposure  of  the  amygdaloid  been  discovered  without  the  observation 
of  a  distinct  and  parallel  conglomerate  ridge  west  of  it.  The  bed  of 
weathered  chips,  with  which  the  basalt  almost  inv^ariably  covers  its 
surface,  in  many  cases  obscures  the  contact  of  the  two  rocks,  but  a 
small  amount  of  work  with  a  spade  will  generall}-  suffice  to  lay  it  bare, 
as  has  been  done  in  a  few  instances.  Contacts  have  been  exposed  in 
this  manner  at  the  following  localities:  First,  at  the  point  where  the 
l)asalt  belt  makes  its  sharp  turn  to  the  southwest  east  of  South  Britain; 
second,  near  the  hill  road  from  D.  M.  Mitchell's  to  the  oil  well  on  the 
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Wheeler  place;  and.  third,  at  a  point  a  tVw  luindred  feet  east  of  the 
Oliver  Mitchell  spring. 

In  D.  M.  ^litchell's  ])rook,  a  few  hundred  feet  al)ove  where  it  crosses 
the  hill  road  and  just  below  where  a  small  rill  enters  from  the  east,  the 
contact  of  the  amy<rdaloid  and  conglomerate  is  exposed  for  about  10 
feet  in  the  western  wall  of  the  brook.  A  specimen  broken  from  this 
contact  showed  that  the  line  conglomerate  is  to  some  extent  incorpo- 
rated in  the  basalt  as  iir(>gular-shaped,  brown,  hornstone-like  inclusions, 
(See  tig.  11,  representing  specimen  4136).  The  .surface  of  the  contact, 
while  in  the  exposure  trending  N.  45°  E.,  or  about  panvMel  with  the 
.strike  of  the  conglomerate,  nevertheless  cuts  across  its  plane  of  bed- 
ding. Moreover,  the  surface  is  not  a  plane,  ])ut  undulating,  and  it  is 
apparently  the  original  structure  plane  joining  the  two  formations. 
(See  lig.  12.)  The  conglomerate  for  a  distance  of  .several  feet  from 
the  contact  has  been  greatly  indurated, 
so  that  it  rings  under  the  blows  of  the 
hammer,  but  it  shows  little  evidence  of 
bleaching. 

A  short  di.stance  north  of  this  locality 
the  bank  bends  shai-ply  to  the  east,  and 
in  the  steep  left  (southern)  bank,  only  a 
few  feet  above  the  water  surface,  amyg- 
daloid is  again  found  in  contact  with  the 
underlying  conglomerate  along  an  irregu- 
pio.  u.— Frajmentii  of  baked  ark.>«-  lar  ])lane  which  dips  at  an  angle  of  about 
congiomerHte  In  anterior  Ua.^t     ^,5  ,  ^y.      The  conglomerate  is  indurated 

flow,  near  Its  under  surface.    D.  M.  " 

Mitcheirs  biflok  iHM-tion.   (Spec,     as  though  by  baking.     Near  this  spot  is 
«36.u.s.Ge«i.8ur%ey.)   Natural     f^^^^^j  ,^,j  sUjuntUiiice  of  reibungsl)reccia, 

size.  ... 

but  the  .slipping  which  has  produced  the 
breccia  has  not  been  along  the  contact  of  the  two  formations.  (See 
p.  71.) 

Just  over  the  sunmiit  of  the  conglomerate  bench  which  lies  ea.st 
of  D.  M.  Mitchell's  place  a  hard  baked  conglomerate  is  found 
within  a  few  feet  of  the  amygdaloid.  l)ut  here  it  is  bleached  almost 
to  whiteness.  (."Specimen  -Hi;-5a.)  Not  far  distant  from  this  locality 
is  a  similar  baked  variety  of  the  conglomerate,  about  2~)  paces  from 
the  nearest  exposure  of  the  basalt,  although,  in  view  of  the  low  dips 
of  the  series,  this  mav  represent  but  a  few  feet  of  actual  distance 
from  the  former  roof  of  basalt.  The  preservation  of  the  conglomer- 
ate as  a  distinct  ridge  following  the  lower  contact  of  the  anterior 
basalt  sheet  with  such  persistence,  though  its  beds  are  elsewhere  onl\' 
rarely  exposed,  is  unquestionably  connected  with  its  indui'ation  by  the 
basalt,  which  has  thus  not  only  prepared  the  conglomerate  to  resist 
the  forces  of  disintegration,  but  by  forming  a  trough  has  preserved 
its  own  substance  as  well. 
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As  already  mentioned,  the  cong-lomerate  which  occupies  the  bed  of 
the  Pomperaug  River  below  the  dam  at  South  Britain  has  the  same 
characters  as  the  basalt-contact  variet}-,  and  its  origin  is  believed 
to  be  the  same,  movement  along  a  dislocation  having  removed  the 
basalt  from  view  in  a  manner  which  will  be  subsequently  explained 
(p.  89). 

To  summarize  the  observations  of  the  contact  of  the  conglomerate 
and  the  anterior  basalt  sheet,  it  may  be  stated  that  this  surface  of  con- 
tact seems  to  be  somewhat  irregular  for  shoi't  distances  at  least,  cutting 
across  the  bedding  of  the  conglomerate,  and,  further,  that  irregular 
fragments  of  the  cong-lomerate  have  been  incorporated  in  the  basalt, 
and  that  the  former  is  al)normally  hard  and  sometimes  abnormally 
white  in  the  vicinit}'  of  the  latter. 

Contact  of  the  anterior  hamlt  sheet  with  the  anterior  shales. — Of  the 
four  contacts  of  the  anterior  shales  with  the  anterior  liasalt  sheet  which 
have  been  studied,  three  were 
already  exposed, while  the  fourth 
was  laid  bare  b}^  a  very  little  dig- 
ging. Two  of  these  are  clearl}' 
fault  contacts,  but  the  other 
two  appear  to  be  the  original 
structure  planes  joining  the  two 
formations. 

In  D.  M.  MitchelFs  brook,  at 
the  locality  alread}'  referred  to 
as  the  best-exposed  contact  of 
the  amygdaloid  with  the  under- 
lying conglomerate,  the  basalt  is 
in  contact  with  the  superjacent 
fine  red  shale  only  25  feet  (esti- 
mated) above  the  lower  contact  with  the  conglomerate.  Bj'  a  little 
digging  this  contact  was  exposed  for  10  or  12  feet  in  the  direction  of 
the  strike,  and  its  surface  found  to  be  warped  so  that  its  inclination 
varies  from  15"^  to  as  much  as  00^  SE.  Its  strike  is  N.  ±3.5°  E.,  and 
the  strike  of  the  shale,  which  may  be  followed  for  from  30  to  50  feet, 
is  likewise  N.  d=  35^  E. ,  with  dip  uniformly  about  15°  SE.  The  shale 
is  everywhere  soft  and  exactly  like  that  observed  at  greater  distances 
from  the  basalt.     (See  fig.  12.) 

The  other  locality  where  a  probable  original  contact  of  the  amj^gda- 
loid  with  the  shales  is  to  l)c  observed  is  30  paces  northeast  of  the 
junction  in  D.  M.  Mitchell's  l)rook,  a  short  distance  northwest  of 
Red  Spring.  (See  «,  fig.  13,  for  location,  and  fig.  li  for  section.)  At 
a  depth  of  a  few  feet  below  the  surface  of  the  ground  the  upper  sur- 
face of  the  amygdaloidal  l)asalt  was  here  exposed.  This  surface  is 
somewhat  irregular,  but  has  an  average  dip  of  55°  E.     Overlj-ing  it, 


Fig.  12.— D.  M.  Mitchell  Brook  section,  c,  baked 
arkose  conglomerate;  h,  anterior  basalt;  s,  red 
anterior  shale;  t,  talus  of  basalt.  The  parallel  - 
lines  in  the  sediments  indicate  the  dip  of  the 
bedding  plane. 
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after  the  manner  of  shingles  on  a  roof,  are  the  layers  of  a  gray  shaly 
limestone,  which,  like  the  red  shale  Wers  at  the  contact  just  described, 
appear  not  to  have  been  sensibly  disturbed  by  any  local  movement 
along  the  contact  (see  fig.  14). 

The  observations  at  the  two  localities  agree,  therefore,  in  indicating 
that  the  floor  on  which  the  shale  and  limestone  were  deposited  was  a 


Fig.  13. — Sketch  map  of  nn  area  near  Red  Spring,  a,  Contact  of  anterior  shale  on  anterior  basalt, 
exposed  by  digging.  The  anterior  basalt  is  indicated  by  small  circles,  the  anterior  .«hale  by  parallel 
rulings,  Hn<l  the  main  basalt  by  cross  hachures.  An  outcrop  of  spheroidal  basalt  is  indicated  by  the 
same  design  uiM)n  which  is  superimposed  a  set  of  circles. 

slightly  inclined  one  and,  moreover,  was  possessed  of  notable  irregu- 
larities of  surface. 

The  other  exposed  contacts  of  the  amygdaloid  and  shale,  which  are 
located  in  the  "spring  hou.se"  section,  near  South  Britain,  are  clearly 

fault  contacts,  and  their  consider- 
ation will  be  deferred  until  the 
deformation  of  the  area  is  treated 
(see  Chapter  IV).  One  character- 
istic of  the  amygdaloid  at  this 
locality  should,  however,  be  men- 
tioned here.  By  reference  to  the 
sketch  map  of  the  area  (fig.  27,  p. 
86),  it  will  be  seen  that  the  red  shale 
here  has  outcrops  in  the  shape  of 
an  acute  triangle  or  wedge,  the 
apex  of  which  is  exposed  in  the  stream  bed.  The  belt  of  amygdaloid, 
which  is  in  contact  with  the  shale  upon  the  north,  like  that  forming 
the  cliff  wall  to  the  southeast,  can  be  shown  to  be  separated  from  the 
shale  by  a  fault,  as  will  be  fully  explained  in  the  sequel  (p.  8t)).  The 
northern  belt  of  basalt  continues,  however,  to  outcrop  to  the  east- 
ward in  the  stream  bed,  and  it  is  specimens  of  this  basalt  which  will 


Fig.  14.— Section  across  the  contact  of  anterior 
shale  on  the  amygdaloidal  basalt  near  Red 
Spring  (locality  a.  fig.  13).  6,  basalt;  I,  .shule; 
stippled  area,  cover. 
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now  be  considered.  They  were  taken  in  the  bed  of  the  stream  only  a 
few  feet  above  the  apex  of  the  wedge  of  shale.  In  them  we  find  the 
usual  characters  of  the  anterior  basalt  sheet,  there  being  numerous 
amj'gdules  filled  with  calcite  and  chlorite,  although  the  rock  is  less 
decomposed  than  the  normal  rock.  The  special  feature  which  distin- 
guishes these  specimens  from  all  others  which  I  have  observed  is  that 
near  their  upper  surface  (the  uppermost  inch  or  so  of  rock  in  the 
exposure)  the  coarse  vesicles  are  filled  not  with  infiltrated  minerals, 
as  is  usual,  but  with  the  shale  itself,  which  it  would  seem  must  have 
here  been  deposited  or  washed  into  them  while  in  the  state  of  fine 
sand  or  mud  (see  fig.  15).  In  the  larger  vesicles  the  shale  ma}'  be 
seen  to  be  made  up  of  the  same  kind  of  particles  as  the  shale  exposed 
a  few  feet  below  in  the  stream.  The  shale  inclosed  in  the  vesicles  of 
the  basalt  gives  no  evidence  of  any  considerable  induration,  such  as 
was  observed  at  the  lower  contact  of  the  amygdaloid,  and  the  basalt  io 
which  it  is  inclosed  is  less  compact  than  the 
normal  portions  of  the  rock,  as  shown  in  other 
parts  of  the  same  specimen,  and  it  has,  more- 
over, a  more  yellow-green  color,  due  to  the 
development  of  weathering  products.  It  is, 
however,  onl}^  in  a  thin  laj^er,  hardly  more 
than  an  inch  in  depth,  that  the  shale  is  found 
occupying  the  amygdules  of  the  basalt.  Be- 
neath this  apparently  original  surface  layer  fig.  i5.-shaie  deposited  in 
the  amygdules,  although  filled  for  the  most  Sta^r^iSlTS: 
part  with  calcite  and  the  other  characteristic  per  surface  of  the  sheet. 
minerals,  are  nevertheless,  for  a  short  distance,  SnToyT'"''  "'  ''  '''°'' 
strongly  stained  by  iron  oxide,  which  has  ap- 
parently been  washed  down  from  the  shale  above.  It  would  seem, 
therefore,  that  this  layer  of  basalt  with  intervesicular  shale  re]Dre- 
sents  the  original  upper  surface  of  the  basalt  sheet  oh  which  the  shale 
was  deposited,  to  be  subsequently  in  large  part  removed  by  degrada- 
tion so  as  to  bring  the  original  upper  surface  of  the  basalt  at  the 
present  surface  of  the  outcropping. 

Contact  of  tJie  main  hanolt  ulieet  v}l,th  the  posterior  shales. — No  con- 
tact of  the  anterior  shales  with  the  main  basalt  sheet,  and  no  actual 
contact  of  the  main  l)asalt  with  tlu*  ov(!rlying  shales,  has  been  observed, 
though  shale  is  exposed  on  the  west  of  the  highway  ox\\y  a  few  feet 
east  of  the  "oil  well"  on  the  Wheeler  place,  and  the  amygdaloidal 
upper  surface  of  the  main  basalt  is  indicated  at  many  places  west  of 
the  well.  All  accounts  of  the  rocks  pierced  by  this  boring  agree  in 
stating  that,  after  first  passing  through  shales,  two  layers  of  trap  sepa- 
rated by  shales  or  sandstones  were  encountered,  but  beyond  these  facts 
nothing  is  known  regarding  the  contact  of  the  main  basalt  with  the 
shnles  overlying  it. 
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SECTION    4.— SOURCE    OF    THE    SEDIMENTS    OF  THE    POMPERAUG 
VALLEY  NEWARK. 

In  a  former  paragrapli  (p.  42)  it  lias  been  pointed  out  that  the  peb- 
ble.s  of  the  South  Britain  arkose  conolonierate  are  foi"  the  most  part 
anguhir  cleavage  fragments  of  feldspar  and  subangular  fragments  of 
vein  quartz,  with  occasional  pebbles  of  graphic  granite,  muscovitic 
mica,  and  both  coarse  and  tine  granite.  Pebbles  of  gneiss  or  mica- 
schist  are  present  in  coiuparatively  small  numliers.  There  can  1)6  no 
question  that  this  material  is  largely  the  debris  derived  from  the  dis- 
integration of  pegmatite  and  granite,  but  principally  the  former,  since 
the  feldspar  fragments  are  not  infreciuently  of  dimensions  exceeding 
an  inch,  and  tlieir  average  siz(>  i^  far  beyond  that  of  feldspar  ci-ystals 
in  a  normal  granite. 

In  the  associated  arkose  and  in  tlH>  shaly  beds  feldspar  fragments 
form  with  (piartz  the  principal  constituents,  scattered  among  whose 
grains  are  a  few  glistening  scales  of  muscovite.  The  material  being 
es.scntially  the  same  in  the  ditierent  layers  of  the  conglomerate  forma- 
tion, it  is  assumed  that  all  have  a  common  origin,  and  that  the  differ- 
ences in  the  size  and  in  the  relative  proportions  of  the  constituents  are 
explained  by  the  peculiar  conditions  of  the  assorting  process  which 
attended  their  deposition. 

The  crystalline  rocks  of  the  western  ui)land  of  Connecticut  contain 
large  bosses  of  igneous  granite,  and  pegmatization  has  occurred  on  a 
grand  scale  in  some  sections  of  the  upland.  An  area  which  is  in 
many  ways  remarkable  because  of  the  degree  to  which  this  process 
has  been  carried  lies  northcnist  of  the  Pomperaug  Basin,  and  includes 
portions  of  the  townships  of  Woodt>urv,  Bethlehem,  Watertown, 
Thomaston.  Waterbuiy.  and  Middlebury.  Within  this  area  coarse 
pegmatites  are  conunon,  and  the  stock  granite,  which  with  the  pegma- 
tite occupies  almost  the  entire  area,  becomes  in  places  so  coarsely 
crystalline  as  in  specimens  to  be  easily  confused  with  the  true  vein 
pegmatite. 

South  of  this  intensely  pegmatized  area  and  some  distance  east  of 
the  Pomperaug  Basin  heavy  veins  of  pegmatite  are  only  I'arely  seen, 
but  the  gneiss  and  granite,  which  are  there  the  prevailing  rocks,  seem 
to  have  been  thoroughly  and  intimately  impregnated  by  extremely 
acid  granitic  material.  Between  this  area  and  the  Pomperaug  Basin 
there  intervenes  a  belt  in  which  such  evidences  of  acid  injection  are 
but  rarely  to  be  seen,  and  for  a  considerable  distance  west  of  the 
same  area  feldspathic  pegmatites  are  not  found  in  alnindance.  although 
the  silica  veins  of  Roxbuiy  indicate  that  the  region  has  not  been 
exempt  from  acid  injections.  To  the  south  of  the  basin  also,  for  a 
considerable  distance,  pegmatization  has  not  been  developed  to  any 
such  marked  degree,  although  igneous  bosses  occur. 
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Unless,  therefore,  a  very  distant  source  is  assumed,  thei'e  is  strong 
probability  that  the  coarse  feldspathic  and  other  pegmatitic  material 
incorporated  in  the  South  Britain  conglomerate  was  derived  from  the 
intense  pegmatized  area  lying  to  the  northeast.  This  assumption 
requires  that  heavy  rock  debris  shall  have  been  transported  a  distance 
of  12  to  15  miles,  but  the  rounded  surfaces  of  the  quartz  and  granite 
pebbles  in  the  conglomerate  indicate  that  they  have  been  subjected  to 
some  wear.  Either  stream  torrents  or  strong  tidal  currents  might  be 
competent  to  convey  the  material  for  this  or  even  greater  distances. 

Both  hypotheses  require  that  there  be,  about  the  area  of  deposition, 
high  walls  possessed  of  considerable  declivity.  The  hypothesis  of 
transportation  by  torrents  in  particular  assumes  that  the  wall  which 
supplied  the  torrents  with  their  debris  must  have  been  comparatively 
near  to  the  present  Newark  area. 

SECTION  5.— FOSSILS  IN  THE  NEWARK  SEDIMENTS. 

It  has  been  known  that  the  Newark  rocks  of  the  Pomperaug  Valley 
contain  the  remains  of  both  animal  and  vegetable  life,  the  fish  impres- 
sions in  the  shale  having  been  incidentall}^  mentioned  by  all  persons 
who  have  written  upon  the  area,  yet  except  for  the  examination  of  a 
piece  of  fossil  wood  by  Hitchcock^  and  the  identification  l)y  Redtield^ 
of  Catopteriis  (iracil'm  and  Paleoniscus  nothing  is  on  record,  so  far  as  I 
am  aware,  concerning  the  fossils  found  in  the  basin.  The  undoubted 
equivalence  in  age  of  the  rocks  of  this  valley  with  those  occupying  the 
Connecticut  Valle}',  where  several  localities  have  furnished  abundant 
fossil  remains,  has  minimized  the  importance  of  the  Pomperaug  Valley 
area  in  this  respect.  Considerable  interest  attaches,  however,  to  the 
rather  abundant  remains  of  silicilied  wood  which  are  strewn  over  the 
northern  slope  of  Horse  Hill  and  which  have  now  become  incorporated 
in  the  stone  fences.  The  finest  specimen  that  has  been  found,  a  section 
of  tree  trunk  about  2  feet  in  diameter  and  over  2  feet  in  length,  now 
stands  on  the  lawn  in  front  of  the  Curtiss  place  at  the  eastern  foot  of 
Horse  Hill.  A  study  of  three  specimens  of  wood  collected  on  Horse 
Hill  by  Rev.  D.  F.  Pierce,  of  South  Britain,  has  been  made  hj  Prof. 
F.  H.  Knowlton,  of  the  United  States  National  Museum,  and  the  results 
of  his  study  appear  in  an  appendix  to  this  report.  While  found  loose 
upon  the  land  surface,  the  distribution  of  these  fossil  woods  leaves  no 
doubt  that  they  have  been  deri\od  from  the  South  Britain  conglom- 
erate and  probal^ly  from  its  lowei-  layers.  They  are,  so  far  as  I  know, 
the  onh'  fossil  remains  from  tlmt  horizon. 

The  impressions  of  fossil  fishes  i-eported  from  the  Pomperaug  Basin 
have  probably  come  either  fioni  the  old  coal  pit  (long  since  tilled) 

'Rept.  Am.  Assoc.  Geol.  Nat.,  1,S43,  PP-  -".M--"."!. 

«Am.  Jour.  Sci.,  1st  series,  Vol.  XLI,  1811,  p.  Tr.  iilso,  Proc.  Am.  Assoc.Adv.  Sci.,  \\>\.  X,  1857,  Pt.  II, 
pp.  180-188. 
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in  the  gulh'  below  the  ''spring  house"  east  of  South  Britain,  or  from 
the  "Keel  Spring" Mocality  south  of  the  Poverty'  district.  Bright, 
glistening  ganoid  fish  scales  were  found  without  ditficulty  by  splitting 
open  the  gra}'  limestone  fragments  at  the  latter  lot'ality,  but  no  good 
specimens  have,  I  understand,  been  found  since  the  limestone  was 
quarried  and  burned  for  water  lime.  According  to  Rev.  D.  F.  Pierce, 
who  has  given  considerable  attention  to  the  local  goology  and  who  has 
visited  and  collected  from  the  Durham  locality  in  Connecticut,  several 
specimens  belonging  to  two  distinct  species  were  found  at  that  time. 
A  specimen  minus  the  head,  but  otherwise  nearl}'  perfect,  and  almost 
6  inches  in  length,  was  found  by  him  and  sold  to  a  mineralogist  named 
Seymour.  An  even  larger  specimen  was  found  by  Dr.  Crane,  of 
Southbury.  These  and  most  other  specimens  found  at  the  locality 
seem  to  have  been  lost.  A  fairly  perfect  specimen,  alleged  to  have 
been  found  at  the  Red  Spring  localit\',  was,  however,  given  me  by 
Mr.  Henry  ^M.  Canticld.  This  specimen  has  been  examined  ])y  Dr. 
C.  R.  Eastman,  who  is  inclined  to  regard  it  as  an  immature  example 
of  S'/tt/'oiiafif.s  t(/iit/'(rj}M  Agiissiz.  This  specimen  is  shown  in  PI.  IV, 
A.  Another  specimen  has  been  sent  me  by  !Mr.  Pierce,  regarding 
which  he  says: 

I  would  iKjt  like  to  a&y  certainly  about  thin  lish.  It  was  found  amoufr  some  speci- 
naen.s  I  gave  my  .«on  several  years  ago.  The  shale  and  the  fish  are  like  that  I  found 
here — evidently  the  same  genus,  from  form  of  tin  and  scales.  It  is  the  only  specimen 
I  have  or  know  of  likely  to  be  from  this  locality. 

This  specimen  is  somewhat  less  perfect  than  the  one  obtained  from 
Mr.  Cantield,  but  it  is  regarded  1)V  Dr.  Postman  as  probabl}'^  Semi- 
(motiisfiiltiix  Agassiz  (PI.  IV,  B). 

While  uncovering  the  contact  of  limestone  with  the  underlying 
amygdaloid  mv  assistant  discovered  a  small  specimen  of  a  cA^cad  which 
has  been  determined  b\-  Prof.  F.  H.  Knowlton  as  Paclujphjllum  hrevi- 
fol'nuit  Newl).''  I  am  not  aware  that  an}'  fossils  have  as  yet  been 
found  in  the  shale  superior  to  the  main  sheet  of  basalt. 

SECTION  6.— ORIGIN   OF  THE  BASALT  SHEETS. 

Both  the  anterior  and  the  main  sheets  are,  from  their  structure  and 
composition,  igneous  rocks,  which  are  believed  to  represent  outflows 
of  lava  contemporaneous  with  the  deposition  of  the  Newark  sediments; 
the}'  are  extrusive  rather  than  intrusive  in  their  origin.  Whether 
poured  out  upon  the  sediments  when  above  sea  level  or  spread  upon 
the  bottom  of  the  ocean  shallows  in  which  the  Newark  deposits  were 
laid  down  it  would  be  diflScult  to  say,  but  it  is  not  unlikely,  from  the 
inferred  conditions  of  the  Newark  deposition,  that  these  usually  some- 

1  An  icc-iold,  constantly  flowing  spring  which  oozes  out  of  a  red  mud  formed  from  pulverized  shale. 
2 This  form  has  been  described  and  figured  by  Newberry  in  Monograph  XIV,  U.  S.  Geological 
Survoy,  ihw,  p.  59,  \>\,  XXII,  fig.  3. 
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what  distinct  phenomena  were  here  merged  in  each  other,  the  Newark 
sea  bottom  for  considerable  areas  at  least  being  periodically  laid  bare 
during  low  water,  although  covered  at  high  water. 

There  are  several  reasons  for  assuming  that  the  basalt  sheets  are 
surface  flows  rather  than  sills,  and  these  mav  be  summarized  for  each 
sheet  individuallj",  since  some  additional  data  are  available  in  the  one 
case  which  are  not  present  in  the  other. 

Atiterior  basalt  sheet. — Observations  which  indicate  that  this  sheet 
was  extrusive  in  its  origin  are:  (1)  The  prevalence  in  it  of  coarsel}^  vesic- 
ular structures;  (2)  the  absence  of  metamorphism  at  its  upper  contact, 
although  this  is  a  marked  feature  of  its  lower  contact;  (3)  the  deposi- 
tion of  line  sandstone  within  the  vesicles  of  its  (presumably)  uppermost 
layer;  (4)  the  greater  abundance  of  vesicles  near  its  upper  surface,  as 
indicated  at  the  only  locality  where  both  upper  and  lower  contacts  are 
exposed  near  each  other  (D.  M.  Mitchell  brook,  near  road  crossing);  (5) 
the  irregularities  of  its  upper  surface,  which  seem  to  be  best  explained 
as  the  natural  irregular  surface  of  lava  on  which  the  later  sediments 
were  laid  down,  it  being  observed  that  intrusive  rocks  generally  follow 
either  a  preexistent  fissure  plane  or  the  structure  plane  of  a  formation. 

Mam  basalt  sheet. — For  this  sheet,  as  well  as  the  anterior  one,  the 
almost  perfect  parallelism  with  the  associated  sediments  indicates  that, 
if  intrusive,  it  must  be  a  sill,  and  not  a  dike.  This  parallelism  is  in 
the  present  instance  shown  by  its  areal  distribution,  combined  with  its 
topography,  as  will  be  apparent  to  anyone  who  studies  the  general  map 
of  the  vicinity  of  South  Britain  (PI.  VIII),  noting  the  dips  of  the  con- 
glomerate, in  comparison  with  PI.  V,  A.,  which  shows  the  profiles  of 
the  trap  ridges  as  observed  from  the  southern  wall  of  the  basin. 

The  observations  which  indicate  an  extrusive  origin  for  this  sheet 
are:  (1)  The  large  size  and  the  abundance  of  the  vesicles  in  its  upper 
zone,  in  contrast  with  the  dense  nonvesicular  nature  of  its  lower  por- 
tions; (2)  the  development  of  columnar  jointing  in  the  lower  portions,^ 
and  (3)  the  development  of  spheroidal  parting  in  the  upper  portions 
of  the  sheet. 

It  should  perhaps  be  noted  that  on  the  surface  of  the  low  ridge  of 
basalt  south  of  the  "oil  well,"  which  apparently  represents  the  upper 
portions  of  the  basalt  sheet,  are  .strewn  fragments  of  basalt,  some  of 
which  are  not  unlike  the  projectiles  or  "bombs"  which  have  been 
found  in  well-known  and  recent  volcanic  regions.  In  them  an  arrange- 
ment of  elongated,  balloon-shaped  vesicles,  radiating  from  a  center 
and  surrounded  by  more  compact  material,  is  at  least  suggestive  of 
some  such  origin  as  this. 

The  determination  of  the  extrusive  origin  of  the  trap  sheets  of  the 
Pomperaug  Valley  adds  one  more  to  the  list  of  Newai-k  areas  in  which 

1  Cf.  The  columnar  structure  in  the  igneous  rock  on  Orange  Mountain,  New  Jersey,  by  J.  P. 
Iddings:  Am.  Jour.  Sci.,  3d  series,  Vol.  XXXI,I8S(1.  p.  325. 
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such  couteniponiueous  sheets  liave  been  studied.  Emerson  and  Davis 
in  the  Connei-tieut  Valley  and  Darton  in  the  New  Jersey  area  have 
clearly  proved,  as  it  seems  to  nie,  the  existence  of  important  extrusive 
sheets. 

No  evidence  has  been  secured  to  locate  the  fissures  out  of  which  the 
molten  material  was  poured  to  produce  sheets  which  are  now  so 
mai'ked  a  feature  in  the  landscape.  It  mav  be  that  the  lower  contact 
of  the  amyjrdaloidal  sheet  in  D.  M.  Mitchell's  brook  section  is  near  such 
a  feeder,  for  the  contact  plane  there  cuts  rather  sharply  across  the 
beddiny  of  the  conijlomerate,  as  already  remarked,  and  the  rock  is 
moreover  unusually  firm  and  dense  for  that  bed. 

SECTION  7— THICKNESS  OF  THE  SERIES. 

In  view  of  the  complex  deformation  to  which  the  area  has  as  a  whole 
been  subjected  (see  Chapter  IV),  any  attempt  to  determine  the  thick- 
ness of  the  series  on  the  basis  of  width  of  exposure  and  inclination  of 
beds  would  yield  untrustworthy  results.  So  far  as  I  am  aware,  the 
only  ))asis  for  an  estimate  of  the  thickness  of  the  series  is  afforded  by 
the  shaft  of  the  oil  well  opened  on  the  Truman  Wheeler  place,  about 
1  mile  northwest  of  the  railwav  station.  This  shaft  was  opened 
near  the  site  of  an  ancient  ''coal  pit,"  and  was  sunk  by  means  of  the 
plunger  drill  used  in  the  Peiuisvlvania  oil  regions.  For  this  reason 
no  cores  were  olitained.  The  history  of  the  enterprise,  which  was 
given  up  wIhmi  a  depth  of  1,,535  feet  had  ))een  reached,  has  been  given 
by  Dr.  E.  O.  Ilovey,'  who  visited  the  locality  shortly  after  the  last 
work  was  done  on  the  boring.  According  to  his  statements,  black 
bituminous  and  )-ed  shales,  red  sandstones  and  conglomerates,  and  two 
trap  sheets  were  penetrated,  and  at  a  depth  of  1,285  feet  the  drill 
passed  from  the  Newark  beds  into  the  crystalline  gneisses  and  mica- 
schists.  My  own  conversations  with  persons  who  were  on  the  ground 
at  the  time  the  well  was  sunk,  in  the  main  confirm  these  statements  of 
Dr.  Hovey.  who  has  informed  me  in  a  personal  letter  that  he  was 
shown  the  material  from  near  the  bottom  of  the  shaft  and  identified 
it  as  })elonging  to  the  gneiss  basement.  As  he  states  in  the  article 
quoted,  "free-milling  gold  and  silver  ore  was  encountered  in  a  zone 
near  the  1.25()-foot  level."  Mj'  own  inquiries  of  persons  living  in 
the  vicinity  have  elicited  the  information  that  the  two  basalt  sheets 
mentioned  by  Dr.  Hovey  were  encountered  near  the  top  of  the  shaft. 
It  is  proba})le,  therefore,  that  they  were  the  main  and  the  anterior 
basalt  sheets.  As  has  already  been  pointed  out,  shale  occurs  as  an 
outcrop  within  a  few  feet  of  the  shaft,  on  the  east,  and  amygdaloidal 
basalt  (main  sheet)  a  short  distjince  to  the  west.  The  discovery  in  the 
dump  of  large  specimens  of  reibungsbreccia  composed  entirely  of 

1  The  oil  well  ut  Southburj-,  Connecticut,  by  E.  0.  Hovey:  Sci.  Am.,  May  3, 1890,  Vol.  LXII,  p.  275. 
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basalt  and  calcitic  cement  (doubtless  from  the  ancient  coal  shaft)  is 
in  harmony  with  the  observation  that  several  faults  intersect  at  or 
very  near  to  the  oil  shaft  (see  map,  PI.  VIII). 

On  the  basis  of  these  observations,  it  seems  to  me  to  be  probable  that 
the  thickness  of  the  Newark  to  the  top  of  the  main  basalt  sheet  is  here 
not  far  from  1,200  feet,  the  average  dip  being  reckoned  as  15°. 

SECTION  8.— ECONOMIC    RESOURCES. 

In  view  of  the  fractured  condition  of  the  Newark  rocks  it  is  not  to 
be  expected  that  oil  will  ever  be  obtained  from  them.  The  attempts 
to  sink  shafts  for  coal — and  there  have  been  several — have  ended  in 
failure,  and  from  what  is  known  of  the  northern  areas  of  Newark  rocks 
there  is  not  the  slightest  reason  to  believe  that  other  attempts  would 
be  more  successful. 

In  the  vicinity  of  South  Britain  the  sandstone  and  conglomerate 
have  been  utilized  to  a  sm»<ll  extent  for  the  foundations  of  houses,  but 
the  material  used  has  been  obtained  largely  from  the  loose  blocks 
strewn  over  the  surface  of  Horse  Hill. 

The  most  valuable  material  in  the  district  would  seem  to  be  the 
dense  basalt  of  the  main  sheet,  which  is  adapted  to  the  preparation 
of  the  veiy  best  grade  of  road  metal.  Within  a  half  mile  of  the  rail- 
road station,  and  at  numerous  other  localities,  this  material  could  be 
obtained  in  almost  any  amount  desired.  The  sandy  roads  of  the 
valley,  over  which  the  road  scraper  is  annually  dragged  in  a  futile 
attempt  at  improvement,  might,  by  a  proper  use  of  this  material,  and 
with  an  outlay  but  little  greater  in  the  end,  be  made  to  rank  with  the 
best  in  the  State. 


CHAPTER    III. 

PETHOCiKAPIIY. 

SECTION    I.— SOUTH   BRITAIN   ARKOSE  CONGLOMERATE. 

The  conglomeratic-  phase  of  tliis  formation  is  composed  of  pebbles 
of  feldspar,  c^uartz,  graphic  granite,  both  line  and  coarse  granite, 
gneiss,  mica-schist,  etc.,  in  a  matrix  of  liner  fragments,  all  more  or 
less  reddened  In*  iron  and  cemented  by  calcite.  Sections  prepared 
from  the  granite,  gneiss,  and  schist  pel)blcs  indicate  that  they  are  not 
unlike  the  crystalline  rocks  of  the  surrounding  upland.  The  liner- 
textured  rocks  of  the  formation,  both  red  sandstones  and  red  shales, 
are,  in  their  normal  condition,  not  suited  for  section  cutting,  and  it  is 
necessary  to  study  them  in  sections  prepared  from  the  slightly  indu- 
rated spec-imens.  A  specimen  from  the  fault  locality-  near  the  Oliver 
Mitchell  spring  (414-0)  indicates  only  a  moderate  amount  of  baking, 
the  color  being  a  pale  brown,  although  indicating  some  variation  in 
this  respect.  This  rock  is  composed  mainly  of  quartz  and  feldspar 
in  angular  fragments,  the  former,  which  is  the  more  abundant,  l)eing 
often  of  a  deep  red-brown  color. 

Under  the  microscope  the  fragments  of  (juartz  and  feldspar  are 
seen  to  be  very  angular  and  to  vary  consideral)ly  in  size.  The  quartz 
shows  undulatory  extinction  and  occasional  banding.  The  feldspar  is 
in  part  microcline  and  in  part  albite.  The  interstitial  cementing 
material  is  very  largely  calcite,  which  is  not  twinned  to  any  marked 
degree.  An  occasional  fragment  of  line  cr^'stalline  limestone  was 
observed  in  this  section.  Among  the  minerals  present  in  less  abun- 
dance are  musc-ovite,  greenish  biotite,  garnet,  tourmaline,  staurolite, 
and  magnetite,  all  of  which  are  apparently  fragmental. 

Inii'dfoniiatioiial  Khale  conghnnemte. — The  intraf ormational conglom- 
erate of  Horse  Hill  is  composed  of  much  flattened,  brown,  angular 
pebbles  of  shale  somewhat  sparsely  distributed  through  arkosc  beds  of 
notably  even  grain.  The  pebbles  have  extreme  dimensions  of  2  cm. 
or  more,  and  the  base  is  linely  speckled  with  white  feldspar  grains 
standing  out  sharply  from  the  light  brown  of  the  mass,  which  in  addi- 
tion to  this  constituent  shows  cpiartz  and  mica.  The  examination  of 
the  slide  reveals,  further,  that  the  feldspar  is  slightlv  more  abundant 
than  the  quartz,  and  is  in  part  microcline  and  orthoclase  and  in  part 
acid  plagioclase.  The  mica  is  })oth  muscovite  and  a  greenish  biotite. 
60 
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PLATE  VI. 

I'HOTOMICKOGKAl'HS   OF   ROCK   SECTIONS. 

A. — IiiduratiMl  arkose  conglomerate  from  near  contact  witli  overlying  sheet  of 
anterior  ba.salt.  Southwestern  shoulder  of  Pine  Hill,  Soiitli  Britain.  (No.  4n3a.) 
Ordinary  light.     Magnified  2o  diameters. 

The  most  striking  evidence  of  the  induration  is  fomid  in  the  enlargement  of  the 
quartz  fragments. 

B. — Fragmental  bituminous  limestone  from  Ked  Spring.     Ordinary  light.     Mag- 
nified 25  diameters. 
()2 
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Garnet  and  tourmaline  are  abundant,  in  generall}-  broken  crystals, 
except  when  they  are  entirely  inclosed  within  quartz  grains.  The 
rock  is  notably  free  from  cementing  material,  the  grains  interlocking 
together  to  produce  in  the  hand  specimen  a  somewhat  miarolitic  struc- 
ture. By  reason  of  their  deep-brown  color  the  shale  pebbles  are 
prominent  features  in  the  slide.  Some  are  so  fine  in  grain  as  to  reveal 
little  save  their  uniform  brown  color.  In  a  few  others  which  have  a 
coarser  texture  angular  fragments  of  quartz,  feldspar,  muscovite,  and 
biotite  are  made  out,  showing  that  they  are,  as  regards  their  composi- 
tion, practically  identical  with  the  mass  of  the  rock.  As  regards  their 
shape,  they  are  angular,  showing  no  evidence  of  abrasion  of  edges  and 
angles. 

Contact  effects  in  this  formation. — While  the  arkose  described  from 
the  fault  near  Oliver  Mitchell's  has  clearly  been  hardened  and  to  some 
extent  whitened  by  the  heat  of  the  overlying  sheet  of  basalt,  it  does 
not  show  the  full  effect  of 
that  indurating  process.  A 
specimen  (4113a)  from  a 
point  but  a  short  distance 
north  of  the  road  southwest 
of  Pine  Hill,  although  taken 
from  a  point  distant  a  num- 
ber of  feet  from  an  actual 
exposure  of  basalt,  was 
probably  very  near  to  the 
original  contact  plane.  It 
is  mainly  composed  of 
quartz  and  pink  feldspar 
fragments,  the  latter  alone 

imparting  to  the  rock  its  pale  salmon  color,  since  the  quartz  grains  are 
colorless.  The  lens  reveals,  in  addition  to  the  quartz  and  feldspar, 
scattered  scales  of  muscovite  and  a  few  minute  ones  of  biotite.  The 
average  grain  of  the  rock  is  smaller  than  a  pin  head,  but  occasional 
feldspar  fragments  reach  dimensions  of  one-eighth  of  an  inch  or  more. 
The  latter  are  angular,  although  the  quartzes  are  found  to  be  con- 
siderably rounded. 

When  this  rock  is  examined  under  the  microscope  it  is  seen  that  the 
quartzes  are  almost  uniformly  enlarged  b}'  secondarj'  accretions  of  sil- 
ica, the  newly  formed  quartz  being  orientated  like  the  core  on  which  it 
forms,  the  somewhat  worn  and  weathered  surface  of  the  nucleal  quartz 
grains  being  preserved  only  in  a  thick  line  of  dark  material.  (See  fig. 
16  for  form  of  individual  grains,  and  PI.  VI,  y1,  for  general  char- 
acters of  the  rock.)  The  quartzes  generall}^  contain  some  cloudy 
material  as  inclusions,  and  f  re(iueutly  also  capilhuy  needles  of  rutile. 
Feldspar  is  for  the  most  part  very  fresh  and  finely  twinned  microcline, 

:^1  GEOL,  IT  3— Ul .) 


1. 16. — Secondarily  enlarged  quartz  grains  in  the  South 
Britain  arkose  conglomerate.  Magnified  about  50 
diameters. 
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with  occasional  grains  of  acid  plagioclase  and  untwinncd  feldspar.  The 
cementing  material  is  calcite,  but  in  comparison  with  that  of  the  less 
intense!}'  metamorphosed  rock  it  is  present  in  smaller  amount  and  is 
to  a  larger  extent  twinned  polysynthetically.  In  addition  to  the  acces- 
sor}' minerals  observed  in  the  specimens,  the  slide  reveals  a  little  ura- 
litic  horn})lende,  garnet,  black  tourmaline,  sphene,  zircon,  and  mag- 
netite. In  one  instanct^  sphene  appeared  to  surround  the  garnet  in  a 
halo. 

It  is  believed  that  tlie  evidences  of  strong  deformation  which  are 
found  in  the  wavy  extinction  and  in  the  banding  of  the  quartz  grains 
in  all  phases  of  this  rock  date  from  a  period  when  these  grains  were 
constituents  of  the  crystalline  rocks  of  the  region,  and  hence  they  are  in 
no  way  to  be  connected  with  the  metamorphism  of  the  conglomerate. 

SECTION  2.— ANTERIOR  BASALT  i  OLIVINE-BASALT). 

This  rock  has  not  been  found  in  perfectly  fresh  condition,  its  open 
vesicular  texture  and  the  small  thickness  of  the  horizon  making  it  easy 
to  explain  its  generally  decomposed  condition.  The  body  of  the  rock 
in  the  fresher  specimens  is  dull  gray,  with  a  purplish  or  greenish  tone, 
in  which  are  recognized,  in  many  instances  at  least,  fine  red  specks 
similar  to  those  characteristic  of  the  navite  type  of  diabases.  The 
vesicles  are  sometimes  roughly  spherical  and  a  half  inch  or  more  in 
diameter,  but  more  generally  they  are  extended  and  may  be  even 
vermiform.  In  a  majority  of  instances  they  are  filled  with  calcite, 
less  fretpiently,  however,  with  a  green  chloritic  mineral,  which  is 
•doubtless  identical  with  the  diabantite  described  by  Hawes  from  the 
})asalt  of  the  Connecticut  Valley.' 

In  the  slide  the  long  laths  of  feldspar  piercing  the  other  constitu- 
ents and  entirely  lacking  in  any  uniformity  of  orientation  produce 
the  typical  ophitic  or  diabasic  texture.  With  a  length  averaging  per- 
haps ten  times  their  thickness,  these  feldspar  laths  are  twinned  accord- 
ing to  the  albite  law,  so  as  to  produce  a  few  wide  stripes  only  in  each 
lath.  Carlsbad  twins  are  rare,  while  pericline  twins  were  not  observed. 
Measurements  of  extinction  angles  against  the  twinning  line  indicate 
that  there  is  probably  but  a  single  feldspar  present,  and  this  is  either 
a  basic  oligoclase  or  an  acid  andesine.  In  the  fresher  specimens  the 
feldspars  have  been  but  little  altered,  but  in  others  a  pale-pink  stain- 
ing and  a  lack  of  definiteness  in  the  twinning  bands  indicate  incipient 
alteration. 

The  principal  nonf  eldspathic  constituent  of  this  basalt  is  a  secondary 
mineral  aggregate  distributed  in  little  areas  which  the  feldspar  laths 
penetrate  and  from  which  they  project.     These  areas  have  a  faint 

lOn  diiibantite,  a  chlorite  occurring  in  the  trap  of  the  Connecticut  Valley,  by  Geo.  W.  Hawes:  Am. 
Jour.  Sci.,  3d  series,  Vol.  IX,  1875,  p.  454. 
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pleochroism  in  lighter  and  darker  tones  of  chloroph}-!  green.  Exam- 
ined between  crossed  nieols,  this  material  is  seen  to  be  made  up  largelj' 
of  fine  fibers  and  to  have  interference  colors  as  high  as  red  of  the  first 
spectrum.  The  extinction  is  inclined,  the  angles  sometimes  being  as 
high  as  15°.  The  fibers  are  positive,  the  longer  axes  corresponding 
with  the  lesser  axis  of  elasticity.  These  properties  are  those  of  a 
uralitic  hornblende,  which  is  believed  to  be  present  in  association  with 
some  chloritic  material.  That  this  material  has  been  derived  from 
pyroxene  there  can  be  little  doubt,  since  the  shape  of  the  areas  is  often 
strikingly  like  that  of  p3'roxene  grains  in  basalts,  and,  further,  the  tex- 
ture of  the  rock  and  its  relationships  to  other  basalts  of  the  Newark 
SA'stem  raise  this  probability  almost  to  a  certainty.  Scattered  patches 
of  a  darker,  and  in  the  slide  nearly  opaque,  material  are  made  out  to  be 
in  large  part  composed  of  feather-like  growth-forms  of  magnetite,  such 
as  are  common  in  the  basalts  (fig.  IT).  The  base  in  which  the  arbores- 
cent magnetite  growths  are  embedded  is  in  part 
uralite  and  in  part  calcite,  but  in  places  it  seems  to 
be  a  nearly  isotropic  substance  colored  by  f  errite. 
It  is  not  unlikely  that  these  patches  represent 
devitrified  rock  glass,  into  which  the  calcite  and 
uralite  were  subsequently  introduced. 

In  addition  to  the  patches  just  described  there 
are  large  and  small  areas  of  a  more  finely  fibrous 
green  alteration  product  of  low  double  refraction. 
Stains  of  iron  cross  these  areas  irregularly  in 
some  sections  and  probably  correspond  to  the  red 
specks  which  are  noted  when  the  rock  is  exam- 
ined under  the  lens.  This  material  is  probably 
serpentine  stained  by  iron,  and  ])oth  its  irregular 
mesh  texture  and  the  outlines  of  some  of  its  larger 
areas  favor  the  view  that  it  is  derived  from  the  serpentinization  of 
idiomorphic  grains  of  olivine.  There  is  much  calcite  in  the  slides,  and 
the  amygdules  are  also  filled  chiefiy  with  this  mineral,  though  prehnite 
is  also  recognized  in  some  of  the  latter.  In  some  of  the  amygdules 
filled  with  calcite  the  centi-al  portions  are  stained  brown,  leavino-  a 
white  rim  of  nearlv  uniform  width. 


^^ 


Fig.  17.— Arborescent  fortn.s 
o£  mugnetitf  in  basalt 
(magnilied). 
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A  specimen  taken  from  this  basalt  sheet  southwest  of  Pine  Hill  has 
been  anah'zed  by  Dr.  W.  F.  Hillebrand,  with  the  following  results: 

Analysis  uf  specimen  from  (Ulterior  Ixigalt  sheet  near  Pine  Hill,  Connecticut. 

Per  cent. 
SiOj 47.  52        i  BaO 


"92    :   MgO. 

TiOj 1.11) 

A1.A 13.91  K./)  . 


.Vi6 


Fe/), 
FeO. 


Xa,0 


a  10.  82 


Per  cent. 

Tr. 

6.84 

.171 

.001 

3.06 

.00.5 

Str.  tr. 

Li,0 

HjO  (below  105°) 1.  75 

H,0  (above  105°) 4.  55 

Pjbj 15 

CaO 5.71  CO., 3.68 

.102  


NiO Tr. 

MnO 18 


SrO None.  Total 100.13 

The  above  analysis  indicates  large  amounts  of  water  and  carbon 
dioxide,  which  have  been  introduced  in  the  process  of  weathering.     A 


Fig.  is. — Brogger  diagram  to  show  the  composition  of  the  anterior  basalt. 

better  idea  of  the  unaltered  rock  will  be  obtained  if  the  analysis  is  recal- 
culated neglecting  the  water  and  carbon  dioxide,  as  has  been  done  in 
Table  11,  column  1,  on  p.  78.  The  analyses  of  two  weathered  varie- 
ties of  the  Connecticut  Valley  basalt  from  the  main  flow  are  placed  in 


Fig.  19.— Brivgger  diagram  to  .show  the  compo.sition  of  the  anterior  basalt.    Corrected  for  weathering. 

column  2  of  Table  I  (on  p.  77),  beside  the  South  Britain  rock.  Recal- 
culated, neglecting  the  water  and  carbon  dioxide,  the}^  are  printed 
in  column  2,  Table  II,  beside  the  recalculated  analysis  of  the  South 
Britan  rock.     Lev^'-Brogger  diagrams  made  from  the  corrected  and 

a  Not  corrected  for  pyrrhotite  nor  for  V0O3,  if  present. 
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PLATE  VII. 

THOTOMICKOCiKAPHS    OF    KOCK    SECTIONS. 

,1.  Upper  surface  of  anterior  sheet  of  basalt,  showing  aniygdaloidal  cavities  tilled 
in  part  with  brown  arkose  and  shale  and  in  part  with  calcite,  the  latter  filling  the 
spaces  left  by  the  former.  Bed  of  brook  in  the  "spring  lunise"  section,  South 
Britain.     (No.  4139b.)     Ordinary  light.     Magnified  25  diameters. 

The  arkose  and  shale  is  but  poorly  outlined  from  the  surrounding  altered  l)asaltof 
the  somewhat  thick  section.  The  calcite  has  a  somewhat  fibrous  outer  zone,  but  is 
granular  within. 

B.  Fault  rock  (reibungsbreccia )  near  contact  of  anterior  basalt  and  arkose  conglom- 
erate, D.  ^I.  Mitchell's  brook,  above  bend,  South  Britain.  (No.  4137b. )  Ordinary 
light.     Magnified  2.5  diameters. 

The  fragments  of  the  breccia  are  of  arkose  conglomerate,  anterior  Ijasalt,  and  ante- 
rior shale  and  limestone,  cemented  bv  calcite. 
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uncorrected  analyses  of  the  South  Britain  rock  are  shown  in  figs.  18 
and  19,  the  second  being  from  the  reealctilated  analysis. 

The  surface  layer  of  the  hamlt  sheet. — Reasons  have  been  given  (p. 
53)  for  supposing  that  specimens  collected  from  the  bed  of  the  brook 
in  the  "spring  house"  section  represent  the  original  upper  layer  of  the 
basalt  sheet.  These  specimens  on  their  upper  side  have  exceptionally 
large  vesicles  (an  inch  or  more  in  length)  filled  with  sandstone,  whereas 
lower  down  the  rock  is  fresher,  the  vesicles  are  smaller,  more  nearly 
spherical,  and  filled  with  calcite,  in  part  stained  with  iron. 

In  the  section  of  this  rock  the  feldspar  is  in  laths  so  fine  and  so 
numerous  as  to  produce  a  felty  texture,  although  some  tendenc}'  is 
noticed  for  the  feldspars  to  group  themselves  in  sheaves.  Uralite 
occupies  a  few  large  scattered  areas,  sometimes  having  the  outline 
of  basal  sections  of  pyroxene.  A  large  amount  of  disseminated  gray 
material,  probably  leucoxene,  renders  the  feldspar  laths  and  the  rock 
section  as  a  whole  verv  difficult  to  study.  The  magnetite  fronds  which 
were  observed  in  the  normal 
rock  are  here  unusually  fine, 
and  the  texture  of  the  rock 
throughout  is  finer  than  in 
the  normal  specimens  and  the 
decomposition  is  noticeably 
greater. 

The  slide  shows  amygdules 
partially  occupied  by  sand- 
stone, with  calcite  filling  the 
remaining  portion  of  the  cav- 
ity, and  possessing  a  structure 

which  indicates  that  it  formed  after  the  sandstone  was  deposited 
(See  fig.  20;  also  PI.  VII,  ^1).  The  sandstone  shows  no  evidence  that 
it  has  been  baked,  but  is  brown  and  nearly  opaque,  except  for  the  frag- 
ments of  feldspar  which  it  contains.  One  very  large  vesicle  in  the 
section  contains  fragments  of  the  rock  itself,  as  well  as  grains  of  the 
sandstone,  all  in  a  cement  of  calcite. 


Fig  20— Arko«e  'ihnle  (S)  imUilot  (  )  ti  i  hll- 
ing  vesicular  cavities  in  the  upptr  surUce  ot  the 
anterior  ba>.alt  (magnified)  The  calcite  is  bladed 
in  a  zone  lining  that  portion  ot  the  cavitj  not  al- 
ready filled  by  the  arkose,  but  within  this  zone  the 
bladod  character  is  wanting. 


SECTION  3.— ANTERIOR    SHALES   AND   LIMESTONES. 


The  shales  of  the  antei-ior  liorizon  are  red,  frial)le  masses  generally 
but  poorly  cemented.  The  material  of  which  the^^  are  composed  is 
finely  comminuted,  and  under  the  lens  it  is  possible  to  make  out  only 
the  fine  pink  fragments  of  feklspar  and  thin  white  scales  of  muscovite. 
In  specimens  from  the  spring-house  section,  near  the  contact  with  the 
amygdaloid,  the  shaly  structure  is  less  marked  than  is  usually  the  case, 
and  irregular  greenish  sandy  patches  appear  in  the  rock.  Aslicken- 
sidcd  surface  forms  one  side  of  the  specimen,  and  these  unusual  char- 
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acteristics  are  doubtless  to  be  ascribed  to  the  fracturing  of  the  rock 
and  slipping  along  a  fault  plane,  as  will  be  fully  explained  later. 

The  limestones  of  this  formation  are  either  gray  or  l)laek,  according 
as  the}-  contain  little  or  much  l)ituminous  matter.  The  gray  speci- 
mens in  sections  are  seen  to  be  composed  almost  entirel}-  of  calcite 
grains,  among  which  are  disseminated  a  few  grains  of  quartz. 

The  bituminous  limestone  from  near  Red  Spring  is  an  almost 
black  shaly  limestone  in  w^hich  is  found  an  occasional  well-preserved 
ganoid  scale.  On  the  weathered  edge  of  the  specimen  siliceous  layers 
project  with  almost  knife-edge  sharpness.  The  rock  can  be  split  with 
some  difficulty  along  the  plane  of  bedding,  giving  otf  a  strong  l)itumi- 
nous  odor  as  it  is  being  broken.  It  is  attacked  with  vigor  and  in  great 
part  dissolved  l)y  cold  hydrochloric  acid. 

Under  the  microscope  the  coarser  layers  of  tlie  rock  are  seen  to  be 
composed  of  angular  fragments  of  limestone  with  an  occasional  grain 
of  quartz,  all  surrounded  l)y  tlie  dai-k-brown  soams  of  bitumen.  The 
thinner  layers  contain  nuuh  larger  proportions  of  silica  and  the  frag- 
ments of  limestone  are  smaller.  Irregular  cracks  traverse  the  rock  in 
a  direction  transverse  to  its  bedding,  and  these  are  filled  bv  the  dark 
bituminous  matter.  In  general  the  limestone  fragments  which  compose 
the  mass  of  the  rock  may  be  described  as  subangular  to  angular,  and  it  is 
probable  that  organic  matter  Avas  deposited  among  them,  in  part  frag- 
ments of  coal  plants  and  in  part  tish  remains,  and  Avhen  the  overl3'ing 
sheet  of  basalt  was  poured  out  upon  the  shales  and  limestone  the  organic 
niattei-  thus  imprisoned  between  sheets  of  basalt  was  distilled  b}^  the 
heat  conuuunicated  and  the  bituminous  product  resulting  permeated 
all  the  interstitial  portions  of  the  rock.  In  the  southern  areas  of  the 
Newark  s^'stem  coal  plants  have  been  locally  distilled,  with  the  pro- 
duction of  coke  residues,  by  the  heat  communicated  by  intruded  basalt.^ 

The  granular  texture  of  this  limestone,  which  would  hardly  have  been 
detected  but  for  the  bitumen  present,  is  full  of  suggestion  regarding  the 
origin  of  this  structure.  There  are  at  least  four  hypotheses  which 
might  be  advanced  to  account  for  it:  First,  it  might  l)e  assumed  that  the 
structure  is  secondarv  to  the  formation  of  the  rock,  or,  in  other  Avords, 
it  is  a  cataclastic  effect  of  dynamometamorphic  action;  second,  the 
limestone  may  have  been  formed  in  the  same  manner  as  the  shales  and 
sandstones  in  association  with  it,  with  the  single  exception  that  its 
material  has  been  derived  from  the  crA'stalline  limestones  instead  of 
from  the  gneisses  and  acid  intrusives;  third,  the  material  out  of  which 
the  rock  was  formed  ma}-  have  been  derived  from  some  area  of  lime- 
stones belonging  to  a  higher  horizon  than  the  Cambro-Silurian,  a  view 
requiring  the  assumption  of  a  wide  area  of  deposition  for  the  Newark 
system  of  rocks;  and.  fourth,  it  may  be  assumed  that  the  material  was 
derived  from  a  reef  or  reefs. 

iCf.  ShaU'r  and  Wood  worth,  op.  cit. 
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The  lirst  hypothesis  may,  I  think,  be  safel}^  dismissed  from  consid- 
eration, inasmuch  as  the  deformation  of  the  area  has  not  been  of  the 
kind  to  produce  schistosity.  This  is  clearly  shown  by  the  tectonic 
structure  of  the  area  (to  be  presently  discussed),  as  well  as  b}^  the 
intimate  texture  of  the  associated  beds  in  the  comformable  series. 
The  second  hypothesis  is  a  simple  and  natural  one,  although  the  more 
extensive  areas  of  limestone  in  the  cr3\stalline  uplands  are  somewhat 
distant  from  the  present  basin.  Against  this  hypothesis  is  the  obser- 
vation that  the  fragments  of  limestone  in  the  rock  do  not  have  the 
coarse  crystalline  texture  of  the  crystalline  limestones  of  the  uplands. 
The  third  hypothesis,  which  assumes  that  the  source  of  the  material 
is  a  later  bed  of  limestone,  is  one  that  seems  to  the  writer  to  have 
much  in  its  favor.  It  assumes  a  large  area  of  deposition  for  the  New- 
ark rocks,  but,  as  will  be  shown  later,  there  are  other  facts  which 
point  in  this  direction.  The  freedom  of  this  limestone  bed  from  an}^ 
considerable  admixture  of  arkose  material  may  be  explained  b}^  such 
a  wide  extension  of  the  anterior  basalt  flow  as  to  cover  all  the  near- 
hung-  areas  of  crystallines.  As  regards  the  fourth  hvpothesis,  it  is 
hardly  reasonable  to  assume  the  formation  of  local  reefs,  since  the 
conditions  of  Newark  deposition,  as  inferred  from  the  associated  sedi- 
ments and  from  remnants  of  life  forms,  are  not  the  ones  suited  to  the 
formation  of  coral  reefs.  If  the  material  was  supplied  from  reefs,  it 
must  be  assumed  that  it  was  brought  into  the  areas  of  deposition 
through  the  agency  of  tidal  currents. 

SECTION  4.— REIBUNGSBRECCIAS. 

Specimens  of  reibungsbreccia  have  been  collected  at  four  localities, 
viz:  In  the  south  wall  of  D.  M.  MitchelFs  brook  at  the  principal  bend 
above  the  road  bridge;  on  the  hill  slope  to  the  northeastward  of  this 
locality;  near  Oliver  MitchelFs  spring  (discovered  by  digging);  and  at 
the  oil  well  on  the  Wheeler  place,  where  the  specimens  were  collected 
from  material  removed  from  the  shaft.  All  specimens,  save  the  one 
last  mentioned,  were  found  l)etween  walls  of  anterior  basalt,  South 
Britain  arkose  conglomerate,  or  anterior  shale.  Specimens  from  the 
oil  well  show  one  wall  of  amygdaloidal  basalt  which  with  much  proba- 
bility is  from  the  upper  portion  of  the  main  sheet.  This  is  assumed 
not  alone  from  the  p('trographi(  al  characteristics  of  the  rock  but  from 
its  occurrence  in  the  immediate  vicinity  of  the  wall.  From  the  size  of 
the  fragments  found  it  is  evident  that  they  came  from  near  the  surface 
of  the  shaft,  before  the  main  drill  hole  was  begun.  The  fragments  in 
this  breccia  are  all  of  the  wall  rock  itself. 

At  the  locality  in  the  wall  of  D.  jNI.  ^Mitchell's  brook,  the  southern 
wall  of  the  fault  in  which  the  rei))ungsbrecciawas  formed  shows  a  con- 
tact of  conglomerate  with  overlying  amygdaloid,  and  it  is  therefore  not 
surprising  that  some  of  the  specimens  of  the  breccia  have  a  wall  of 
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conglomerate  aud  some  a  wall  of  basalt.  The  angular  rock  fragments 
in  the  breccia  are  of  these  two  rocks  (the  former  apparently  in  all  cases 
baked)  and,  perhaps  in  greater  abundance  than  either,  the  overlying 
shale.  This  latter  rock,  from  its  friable  nature,  was  easily  detached 
during  the  dislocation  and  dropped  down  in  the  fissure.  The  frag- 
ments of  all  these  rocks  are  cemented  by  a  zone  of  bladed  or  almost 
fibrous  calcitc,  and  calcite  of  a  more  granular  texture  fills  in  most  of 
the  remaining  space  so  as  to  heal  the  fissures.  When  not  completely 
healed,  the  calcite  projects  into  the, cavity  in  dog-tooth  crystals  (2181), 
some  of  which  arc  modified  b}-  the  one-half  rhombohedron  (01l2). 
These  crystals  are  sometimes  three-fourths  of  an  inch  or  more  in 
length.  Occasional  cr3'stals  of  white  fluorite  are  found  projecting 
into  the  cavity,  and  arc  easily  recognized  by  their  cubic  form  and 
their  perfect  octahedral  cleavage.  The  largest  crystals  I  have  found 
here  are  about  one-fourth-inch  cubes,  ])ut  Mv.  Canfield  reports  finding 
inch  cubes  in  the  bed  of  the  l)rook.  Tabular  pink  or  white  crvstalsof 
barite  are  present  in  some  cavities,  but  only  in  subordinate  quantit3\ 
In  one  specimen  a  deep-purple  fluorite  was  found.  In  a  breccia  speci- 
men from  near  the  Oliver  Mitchell  spring  calcite  crvstals  are  coated 
with  a  very  thin  film  of  a  mineral  having  a  brilliant  metallic  luster 
and  a  copper  color.  Enough  of  this  was  obtained  to  color  a  borax 
bead  with  the  yellow-green  color  of  iron.  The  substance  is  doubtless 
hematite. 

Sections  of  the  reibungsbreccia  are  chiefly  interesting  in  showing, 
in  addition  to  what  is  observed  in  hand  specimens,  that  limestone  frag- 
ments are  included,  a  single  slide  showing  fragments  of  amygdaloid 
and  baked  conglomerate  (in  contact),  red  shale,  and  limestone,  thus 
furnishing  representatives  of  the  three  lower  members  of  the  Newark 
S3'stem.  (PI.  VII,  B.)  The  calcite  which  has  formed  the  cement 
is  in  its  coarser  facies  plumose,  with  curving  planes  which  under  the 
microscope  are  found  to  be  twinned  polj'synthetically  in  curving 
lamella;  of  microscopic  fineness. 

SECTION  5.— MAIN   BASALT. 

Two  rather  distinct  tj^pes  of  this  rock  are  recognized  in  the  field — 
the  dense  black  rock  of  the  lower  zone,  found  chiefly  in  the  western 
ridges,  and  the  more  open- textured  and  weathered  type  of  the  upper 
zone,  found  in  the  eastern  areas  and  in  occasional  exposures  in  the 
southwestern  portion  of  the  region.  Additional  distinguishing  charac- 
teristics are  made  out  for  each  of  these  zones  by  microscopical  exam- 
ination. 

By  a  microscopical  examination  the  fresher  rock  from  the  lower  zone 
shows  some  variation  in  coarseness  of  texture,  the  extreme  western 
ridges  of  Pine.  Eattlesnake,  and  East  hills  showing  the  coarsest  textures. 
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In  the  coarser  varieties  the  naked  eye  detects  stout  white  feldspar  laths 
in  single  individuals  or  in  knots,  each  a  few  millimeters  in  length, 
embedded  in  a  green  base  in  which  the  lens  reveals  fine  felt-like  laths 
of  a  second  generation  of  the  feldspar.  A  little  higher  up  in  the  sheet 
of  basalt  elongated  cavities  with  a  rusty-brown  appearance  are  noted 
in  these  feldspars.  In  the  northwestern  portion  of  the  Pine  Hill  ridge 
spherical  masses  the  size  of  a  small  pea,  possessed  of  a  more  or  less 
pearly  and  superficial  luster,  are  found  scattered  through  the  rock. 
These  cut  glass  readily  and  are  clearly  agates. 

Under  the  microscope  the  rock  is  found  to  have  an  ophitic  texture, 
similar  to  that  observed  in  the  anterior  basalt.  The  feldspars  of  the 
first  generation  are  stout  crystals  with  a  zonal  structure,  i-epresenting 
an  extreme  variation  of  about  5°  in  extinction  angles.  They  are  fre- 
quently in  knot-like  aggregates  of  a  few  individuals,  and  are  generally 
Carlsbad  twins  with  a  few  albite  lamellae  in  one  of  the  individuals. 
Pericline  twinning  is  not  uncommonly  combined  with  this.  Particu- 
larly in  the  rock  from  Rattlesnake  Hill  these  pheno-  

cr3'sts  contain  large  and  irregular  cavities,  whose 
principal  extension  is  related  to  the  crystallographic 
axes,  such  cavities  as  frequently  result  from  rapid 
growth  (see  fig.  21).  The  feldspars  of  the  second  gen- 
eration are  laths  twinned  according  to  the  albite  law 
(in  few  stripes),  and  not  infrequently  according  to  the 
Carlsbad  law  as  well.  They  are,  like  the  cr3^stals  of 
the  first  generation,  quite  generally  fresh,  and  it  was 
found  possible  to  determine  both  by  the  methods  of 
Michel  Levy . '  There  seems  to  be  but  little  difference 
between  the  composition  of  the  feldspars  of  the  two 
generations,  measurement  of  extinction  of  albite  twins  in  the  sym- 
metrical zone  giving  for  both  varieties  double  angles  as  high  as  70°. 
Examination  of  the  Carlsbad  twins  which  showed  also  albite  lamelUe  in 
one  of  the  individuals  furnished  the  following  measurements: 


Fig.  21.— Form  of  pari- 
ties in  feldspar  of 
the  main  basalt 
(magnified). 


Extinction  uhi/Ick  m-ar  the  symmetrical  zone  of  feldspars. 


1.            2. 

3. 

-1. 

Albite  1 

19° 

(Av.  20.5) 

.y.,0    j 

(Diff.  l(l..Vi 

20° 

(Av.  23) 

26° 

(Diff.  14 

39° 

(Av.  37) 
35° 

(Diff.  23) 
14° 

39° 

Albite  r  ... 

Av.  36.5) 
34° 

Carlsl)aa  2' 

(Diff.  24.5 
12° 

1  fetude  surla  d<5termination  des  feldspaths  dans  le.s  plaques  minces,  etc.,  by  A.Michel  LC-vy,  Paris, 
1894,  p.29et8eq. 
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Nos,  1  and  2  of  the  above  table  represent  the  more  acid  labradorite. 

of  composition  near  Ab^  Aiii,  and  Kos.  3  and  i  the  more  basic  ones, 

with  composition  near  Ah,  An^. 

Although  usually  moderately  fresh,  the  feldspars  in  some  specimens 

contain  fine  green  uralitic  and  chloritic  fibers  in  fine  lines  crossing  the 
crj'stal.  These  lines  have  a  common 
direction  for  the  entire  section,  and 
since  the  gi'een  material  can  hardl}' 
have  originated  from  the  feldspar  itself, 
but  was  in  all  probability  introduced 
from  the  alteration  of  other  constitu- 
ents, it  seems  likely  that  these  lines 
represent  microscopic  slipping  planes 
vicinity  of  and  parallel  to  a  larger  dis- 


FlG.  22.— Microscopic  slipping  planes 
(quetschzonen)  in  the  main  basalt 
(magnified). 


(quetschzonen)  located  in  the 
location  (see  fig.  22). 

The  principal  nonfeldspathic  constituent  of  the  rock  is  a  colorless, 
or  at  most  a  faint  pink,  nonpleochroic  pyroxene.  The  indications  of 
crystal  boundaries  are  here  present,  although  the  feldspar  laths  pierce 
the  grains.  Cleavage  is  perfect  parallel  to  the 
prism,  with  imperfect  parting  parallel  to  one  or 
both  of  the  vertical  pinacoids.  The  double  re- 
fraction appears  to  be  a  little  lower  than  in  the 
normal  diabase-pyroxene.  Like  the  feldspar,  the 
pyroxene  is  almost  entirely  unaltered  except  when 
found  in  the  upper  zone  of  the  basalt  sheet. 
The  serpentinized  areas  observed  in  the  anterior 
basalt,  and  supposed  to  represent  olivine  "rests," 
are  not  found  here,  and  although  small  areas 
stained  with  iron  are  found  in  some  sections,  oli- 
vine, if  present  at  all.  must  be  in  very  insignifi- 
cant quantity.  More  opaque  areas,  in  which  mag- 
netite (or  ilmenite)  fronds  of  skeleton-growth 
forms  are  generally  present,  are  supposed  to  rep- 
resent the  rock  base — with  much  probability  a 
glass  in  its  first  solid  condition.  Some  of  the  few  scattered  amj-g- 
dules  (not  present  in  all  sections)  are  spherical,  others  irregular, 
and  both  are  generally  filled  either  by  uralite,  by  a  deep  blue-green 
chlorite  (diabantite?),  or  by  calcite.  The  uralite  and  chlorite  are 
in  radial  fibrous  aggregates,  which  not  infrequently  are  surrounded 
b}-  a  zone  of  opaque  ore  material,  about  which  is  a  zone  of  agate 
(fig.  23).  The  spherules  observed  in  the  hand  specimens  from  the 
northern  portion  of  the  Pine  Hill  ridge,  and  supposed  to  be  agates, 
are  here  seen  to  haAc  a  radial  fibrous  structure,  with  the  low  negative 
double  refraction  of  that  mineral. 


Fig.  23.— Diabantite,  ore 
material,  and  agate  in 
vesicle  of  main  ba.salt. 
The  radial  mass  oc- 
cupying the  center  is 
diabantite,  the  opaque 
material  surrounding  it 
is  magnetite  or  ilme- 
nite, and  the  outer  rim 
is  agate.    (Magnified.) 


HOBBS.] 


COMPOSITION    OF    MAIN    BASALT. 


75 


The  dense  rock  from  the  summit  of  the  cliff  of  Pine  Hill,  east  of 
D.  M.  Mitchell's,  has  been  analyzed  b}^  Dr.  W.  F.  Hillebrand,  with 
the  following  results: 

Analysis  of  rock  from  smniiiit  of  Pine  Hill,  near  South  Britain,  Connecticut. 


Per  cent. 

Per  cent. 

SiO, 

52.  40 

.873 

MgO 

5. 53 

TiO^ 

.         1.08 

Iv,0 

40 

AI2O, 

1.3.  55 

.000 

.133 

Na.,0 

2. 32 

FeA 

2.78 

.004 

Li.,0 

None. 

FeO 

9.  79 

«12.52 

H,0  (below 
H.,0  (above 

105°)  

62 

.OKi 

105°) 

1.05 

NiO 

Tr. 

.12 

MnO 

.26 

CO, 

None. 

CaO 

10.01 

.179 

FeSa 
Fe.S,|  '■--- 

13 

SrO 

None. 

Tr.  {-) 

Total.. 

BaO 

99. 99 

The  Levy-Brogger  diagram  of  this  analysis  is  shown  in  tig.  Si. 

The  rock  of  the  upper  layers  of  this  sheet  of  ba.salt  is  not  only  more 
open  textured  and  more  weathered  than  that  which  has  just  been 
described  from  the  lower  zone,  but  other  differences  are  detected. 


Fig.  2-1.— Brilgger  diagram  to  show  the  composition  of  the  main  basalt. 

Blebs  of  black  rock  glass  or  tachylite  several  millimeters  in  diameter 
may  be  observed  in  the  rock  from  some  localities,  as,  for  example,  at 
the  road  corner  southwest  of  the  Oak  Tree  House  at  Southbury,  and 
in  the  road  southea.st  of  the  Kaghuid  area.  These  glassy  blebs  turn 
brown  and  gray  on  strong  ignition,  l)ut  do  not  fuse. 

On  examination  in  microscopic  sections  the  texture  of  this  rock  is 
seen  to  be  general!}'  finer  and  the  feldspar  laths  of  the  second  genera- 
tion more  numerous  and  more  acicular  than  in  the  rock  from  the  lower 
zone,  a  felty  texture  being  the  residt.  The  feldspars  of  the  first  gener 
ation  are  much  altered,  in  many  a  central  core  having  the  shape  of  the 
entire  crystal  being  occupied  ])v  green  uralitic  and  chloritic  material. 


oNot  corrected  for  pyrrhotite  nor  for  VoOj,  if  present. 


b  Pyrrhotite  calculated  as  pyrite. 
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The  peripheral  zone  of  these  phenocrysts,  and  the  feldspar  laths  of  the 
groundmass  as  well,  are  tilled  with  cloud}'  particles,  indicating  an  incip- 
ient stage  of  alteration.  The  indications  are  that  the  more  basic 
core  of  the  phenocrysts  was  altered  to  calcite,  and  this  being  sub- 
sequently dissolved  and  removed,  left  spaces  into  which  the  uralite 
and  chlorite  were  conducted  from  the  alteration  of  the  pyroxene  constit- 
uent. The  latter  mineral  has,  however,  suffered  only  a  slight  altera- 
tion of  this  kind.  The  fronds  of  oi-e  material  are  generally  localized 
in  areas,  but  are  associated  in  most  cases  with  considerable  leucoxene. 
The  specimens  from  the  road  southeast  of  Ragland  do  not  contain  these 
fronds,  but  the  ore  material  (probably  ilmenite)  is  in  large  crystals 
with  outlines  of  the  rhombohedron.  The  many  small  amygdules  of 
irregular  outline  are  generally  tilled  with  a  yellowish  material  which 
was  not  more  detinitely  d(>termined.  One  of  tlie  largest  splierical 
blebs  of  glass  was  included  in  a  slide,  and  while  nearly  isotropic,  it 
shows  the  presence  of  small  fronds  of  opaque  ore  material. 

From  the  foregoing  it  is  prol)able  that  the  anterior  basalt  differs  in 
its  original  composition,  and  to  some  extent  also  in  its  structure,  from 
the  basalt  of  the  main  sheet.  Instead  of  a  labradorite,  its  prevailing 
feldspar  is  a  basic  oligoclase  or  an  acid  andesinc.  The  older  rock  con- 
tains also  a  considerable  quantity  of  serpentinized  olivine,  which  is 
nearly  or  quite  absent  from  the  main  sheet.  The  analyses  recalculated 
so  as  to  exclude  water  and  carbon  dioxide  indicate  this  difference  in 
the  higher  magnesia  and  lower  calcite  percentages  of  the  anterior 
basalt,  although  th(>  smaller  quantity  of  the  latter  constituent  may  per- 
haps be  in  part  explained  ])y  its  solution  and  removal  from  the  rock. 

SECTION  6.— RELATION    OF    THE    BASALTS    OF    THE    POMPERAUG 
VALLEY  TO  THOSE  OF  OTHER  AREAS  OF  THE  NEWARK  SYSTEM. 

The  (luite  remarkable  uniformity  in  density  and  in  composition 
observed  to  characterize  the  Newark  basalts  of  the  Atlantic  border 
was  first  emphasized  by  the  late  Prof.  James  D.  Dana,^  and  very  natu- 
rally ascribed  by  him  to  a  unit}-  of  origin.  Everyone  who  has  since 
studied  the  Newark  rocks  seems  to  have  been  impressed  in  the  same 
manner.  Yet  recent  investigations  have  shown  that  the  basalt  of  these 
areas  is  in  part  intrusive  and  in  part  extrusive;  that  the  latter  not  only 
displays  some  variety  of  texture,  but  was  poured  out  at  different  geo- 
logical epochs,  and  that  the  intrusive  material  is  in  part  in  heavy  sills 
and  in  part  in  dikes. 

In  order  to  ascertain  whether  any  chemical  differences  could  be 
detected  between  the  basalt  of  the  extrusive  and  of  the  intrusive 
masses,  as  well  as  to  show  the  average  composition  of  the  Newark 
basalts,  the  most  reliable  analyses  of  each  type  collected  from  the 

'Oil  some  results  of  the  earth's  contraction  from  cooling,  by  Jas.  D.  Dana;  Pt.  IV,  Igneous  ejections, 
volcanoes:  Am.  Jour.  Sci. ,3d  series,  Vol.  VI.  1873,  p.  106. 
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northern  and  central  portions  of  the  province  were  brought  together 
and  a  composite  ^  of  each  was  produced  (see  columns  4  and  5  of  Table  I). 

Table  I. 

Analyses  of  hasaJt. 


SiO,... 
TiOj... 
A1A-- 
FeA-- 
FeO . . . 
MnO . . 
MgO.. 
CaO... 
Na,0  . . 
KjO . . . 
HjO... 
CO,... 
Others 


52.40 
l.OS 

13.  55 
2.73 
9.79 
.26 
5.53 

10.  01 

2.32 

.40 

1.67 


15. 19 

2.05 

9.01 

.26 

7.18 
9.82 
2.05 
.96 
1.46 


52.25 

.80 

14.79 

3.  .39 

7.  31 

.25 

7.19 

10.32 

2.09 

.71 

.82 


1.  Anterior  basalt  (weathered)  from  South  Britain,  Connecticut.  Analy.-t,  \V.  F. 
Hillebrand. 

2.  Composite  of  two  altered  ba.salts  from  the  Connecticut  Valley  (Lake  Saltonstall 
Ridge  and  South  Durham  Mountain. )  ^ 

3.  Basalt  from  main  flow,  Pine  Hill,  South  Britain,  Connecticut. 

4.  Compo.site  of  two  nearly  fresh  extrusive  basalts  from  the  Watc^hung  Mountain, 
New  Jersey,'  and  Mount  Ilolyoke,  Massachusetts.* 

5.  Composite  of  si.x  intrusive  basalts  (either  dikes  or  sills)  from  the  Connecticut 
Valley  and  New  York-\'irginia  areas  of  the  Newark  system.  ^S'est  Rock,  Connecticut 
(sill);^  Wintergreen  Lake,  Connecticut  (dike);"  Palisades,  Jersey  City,  New  Jersey 
(sill);'  Rocky  Ridge,  ^Maryland;"  Point  Pleasant  and  Gulf  IMills,  Pennsvlvania 
(dikes).'' 

These  composites  onh^  confirm  the  impression  that,  regardless  of 
their  manner  of  occurrence  in  the  tield,  these  rocks  are  remarkably 
uniform  in  their  occurrence.  If  we  disregard  the  state  of  oxidation 
of  the  iron  and  consider  its  total  amount  only,  there  is  but  a  single 
analysis  in  the  list  (that  of  the  dike  of  Gulf  Mills,  Pennsjdvania)  which 
varies  in   an 3"  marked   degree    from   the  composites.     The  o-roatest 

'  Suggestions  regarding  the  classification  of  the  igneous  rocks,  by  Wra.  II.Hobbs:  Jour.  Cool.,  Vol. 
Vin,1900,p.net8eq. 
'Am.  Jour.  Sci.,  3d  series,  Vol.  IX,  1875,  pp.  190-:'.)!. 

'Bull.  U.  S.  Geol.  Survey  No.  148,  1897,  p.  80.  ■  Bull.  U.  S.  Geol.  Survey  No.  150,  1898,  p.  255. 

<  Am.  Jour.  Sci.,  3d  series,  Vol.  IX,  p.  191.  « Bull.  U.  S.  Geol.  Survey  No.  118,  1897,  p.  90. 

»  Proc.  V.  S.  Nat.  Mus.,  Vol.  IV,  p.  132.  »  Proc.  Am.  Philos.  Soc,  Vol.  XXII,  p.  454. 

»Am.  Jour.  Sci.,  3d  series.  Vol.  IX,  p.  189. 
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differences  noted  are  in  the  alumina  and  magnesia  (and  this  is  in  but 
one  or  two  instances),  and  it  is  at  least  possible  that  this  variation  may 
be  in  part  explained  by  imperfect  separation.^  This  variation  was  in 
one  ease  2  and  in  the  other  3  per  cent  from  the  composite,  but  in  other 
constituents  the  differences  were  generally  less  than  1  per  cent. 

Hawes  has  shown  the  weathered  basalt  from  the  Connecticut  Valley 
to  agree  closely  in  composition  with  the  fresh  specimens  from  other 
portions  of  the  same  area,  provided  allowance  is  made  for  the  water 
and  carbon  dioxide  which  have  been  introduced  b}'  the  weathering 
process.  Recalculating  our  composite  analysis  of  these  altered  basalts 
and  comparing  with  the  composite  anal\'ses  of  extrusive  and  intrusive 
Newark  basalts  (after  correction  in  the  same  maimer),  this  close  agree- 
ment is  set  forth  (see  Table  II). 

T.MiI.E  II. 
Analyses  of  basalt  recalculated  wUh  irnter  and  ctirhon  dioxide  neglected. 


TiOj . 

A1..0:, 


Fe.,C)3 . 
FcO  . . 


MnO. 
MgO. 


CaO. 
Na.j< ) 
K,.0. 


OthlTS 

Total 


53.29 
.888 
1.09 


15. 44 

.J.il 
7.83  ■ 

.OO4I12.OO  1 1     . 
4.17  I     .0/0i|10. 

.006 

.20 
7.59 


16.55 
.16i 
2. 92 


.010 
6.33 


8.25 

.oi.-> 

3.13 


.1S5 
•2.77  1 

02I 12. 74 
.016\\  9.97  I     .016 
.OUl 
.26 
5.62 
.Oil. 
10.19 


52.70 

.878 


1.  Anterior  basalt  (weathered)  of  South  Britain. 

2.  Composite  of  weathered  basalts  from  the  Connecticut  Yallej-. 

3.  :Main  (extrusive)  basalt  of  Pine  Hill,  South  Britain. 

4.  Composite  of  extrusive  basalts  from  Connecticut  Valley  and  New  Jersey. 

5.  Composite  of  intrusive  basalts  from  northern  and  central  areas  of  the  Newark 
system. 

6.  Composite  of  the  Newark  basalt  of  the  northern  and  central  portions  of  the 
province. 

In  the  weathered  .specimens,  however,  it  is  noted  that  the  lime  is  less 
in  amount  (8.25  as  again.st  about  10  percent),  and  if  allowance  is  made 

iCf.  Washington,  Am.  Jour. Sci., 4th  series,  Vol.  IX,  1900, p. 44. 
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Fig.  25.— Composite  dinBrams  to  show  tho  coniposition  of  Nuwurk  biisnlt.s.  o,  Composite  diagram 
of  two  woathoml  extrusive  basalts  from  tlie  Conneotieut  Valley  (Table  11,  No.  2);  b,  Br()gger 
tlinKram  of  the  basalt  of  the  main  extrusive  sheet,  Pine  Hill,  Pompcraug  Valley  (Table  II,  No.  3); 
<:  Composite  diagram  of  two  unaltered  extru.sive  basalts  from  the  Conneetiout  Valley  and  New 
Jersey  (Table  II, No. 4);  (/,  Composite  diagram  of  six  unaltered  intrusive  basalts  from  the  C(m- 
necticut  Valley  and  from  the  area  between  New  York  and  Maryland  (Table  II,  No.  5);  e, 
Composite  diagram  of  nine  unaltered  basal  t.s  (both  intrvisive  and  extrusive)  from  the  northern  and 
central  Newark  areas  (Table  II,  No.  6). 

lM   (iKOI.,  I'T  3 — 01 ♦! 
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for  the  lime  which  is  in  (■oiiil)iiiatioii  with  the  carbon  dioxide,  only 
5.55  per  cent  of  this  constituent  is  found  to  be  present  in  the  rock, 
exchisive  of  the  secondary  calcite.  This  cah'ite,  however,  which  is 
present  in  ])art  in  tlie  vesick^s  and  in  part  in  tlie  groundniass  of  the 
rock,  i-;  without  (l()ul)t  derived  from  the  rock  itself,  hirgely  through 
altei-atioM  of  t!i(^  linic-ricli  and  colorless  jnroxene.  and  hence  it  is  not 
oidy  not  to  be  deducted  from  the  analysis,  but  it  is  even  possible  that 
a  quantity  amounting  to  sevei-al  i)er  cent  of  this  constituent  has  been 
carried  away  by  solution.  In  the  weathered  olivine-basalt.  studied  b}' 
Watson,  analyses  indicate  removal  of  the  lime  in  this  way.' 

'rhc>  weathered  basalt  fi-om  South  Hritain  ditierentiates  itself  from 
the  other  basalts  shown  in  the  analyses  in  the  greater  oxidation  of  the 
iron,  the  total  amount  of  iron,  however,  remaining  normal.  The 
water  present  in  this  rock  enters  largely  into  the  serpentine  and 
chlorite,  formed  through  the  alteration  of  the  olivine  and  pyroxene. 

While  the  basalts  considered  from  the  northern  and  central  por- 
tions of  the  Newark  belt  within  the  United  States  show  such  uniform- 
it  v  ill  chemical  composition,  the  micros<()pi<'  studies  have  proved  that 
there  is.  neverth(>less.  some  considerable  variation  in  mineralogical 
composition.  The  Inisalts  of  tlu>  Connecticut  Valley  have  been  found 
to  contain  eitlier  a  colorless  jnioxene  or  a  coloi'less  pyroxene  with  a 
brown  one:'"  the  basalt  of  the  Palisades  along  the  Hudson  contains  a 
diallage-like  pyroxene  and  hypersthene  in  about  equal  (juantities;^  the 
basalt  of  Watchung  ^lountain.  New  -Jersey,  like  that  of  the  Connecti- 
cut Valley,  has  colorless  i)yroxene  or  malacolite  as  the  principal  non- 
feldspathic  constituent.'  In  the  southern  areas  of  the  Newark,  par- 
ticulai-ly  those  of  Virginia,  C'ampbell  and  Brown''  have  shown  that 
there  are  important  variations  in  the  Newark  basalt  not  oidy  in  min- 
eral but  in  chemical  composition,  rocks  so  rich  in  hypersthene  as  to 
deserve  the  name  '"  hypersthene-diabase  "'  and  "  olivine-hypersthenc- 
diabase"  being  found.  Chemically  these  ([uite  fresh  rocks  difterfrom 
the  normal  type  of  Newark  basalt  by  containing  almost  double  the 
usual  am(^)unt  of  magnesia.  Watson  has  also  described  basalts  of 
abnormal  composition  from  Culpeper  County,  Virginia,  and  although 
he  does  not  mention  the  occurrence  of  hypersthene  in  them,  it  is 
probal)le    from   the   analyses   and   from    his   petrographical    descrip- 

'WoatheriiiK  (if  .liah.isc  iu-mi-  Cliiithiini,  Virginia,  by  Thos.  I;.  Watson:  Am.  Geologist,  Vol.  XXII, 
1,S9R,  p.  »-. 

=  Dana,  Ain..)(>ur.Scl..»<i  series,  Vol.  Vni,lH74,  p.  S71.  Proc.  Am.  Assoc.  Adv.  Sci.,  twenty-thir<1  meet- 
ing, 187.5,  p.  44.  Huwcs,  Am.  Jour. Sci., 3il  series,  187.5,  Vol.  IX,  pp.  185-192.  Pirsson,  Bull.  U. S.  Geol.  Sur- 
vey No.  1.50, 1898,  i>.  268. 

sTlefencontaete  an  den  intrusiven  Diabasen  von  New  Jersey,  by  A.  Andreae  and  A.  Osann:  Ver- 
handl.desnatnrliist.-nicd.  Vereins  zu  Heidelberg,  N.  K.,  Vol.  V,  1892,  p.  3.  Also,  Some  contact  phe- 
nomena of  the  Palisade  diabase,  by  John  Duer  Irving:  School  of  Mines  Quart.,  Vol.  XX,  p.  214. 

<  J.  P.  Iddings,  B\ill.  U.  S.  Geol.  Survey  No.  150, 1898,  p.  254. 

■'■Composition  of  certain  Mesozoic  igneoas  rocks  of  Virginia,  by  H.  U.  Campbell  and  VV.  (J.  Hrown: 
Bull.  Geol.  Soc.  Am.,  Vol.  II,  1891,  pp.  339-348. 
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tions  that  this  luinenil  is  present  with  the  diallage.'  In  the  Con- 
necticut Valley  area  also  two  dikes, of  abnormal  couiposition  have 
been  discovered,  one  ver\'  acid,  a  keratophyre  or  l)ostonite  from 
near  New  Haven, '^  and  the  other  basic  and  described  as  a  foiirchite,' 
though  it  is  not  quite  clear  that  it  belongs  in  that  class.  These 
abnormal  basalt  analyses  are  printed  in  Table  III. 


AiKi/i/xcK  of  I'.rcepfioii'i!  Ii/jicn  (if  Xcirtirl:  Ikiku/Is 


^• 

■'■ 

- 

4. 

5. 

1-,. 

sio, 

52.  Oti 

45.  78 

51.81 

50.  88 

46.  86 

(iO.  18 

.  W.N 

.71:2 

.  .S.V, 

.SIH 

.7M 

1.002 

Al/)3 

IS.  (i7 

13.48 

18.(i4 

18.17 

18.  96 

20.  47 

.l:il 

.,:„ 

.TM 

.12!) 

.187 

.  200 

r    .  52 

1.11 

5.  28 

1.04 

FeA 

'"''■"',.,„ 

r/ll.(i() 

.  (101) 

S.  49 
I            .011 

.  (100 
.Ol:i 

.  (KK! 

4.67 

.  OOli 

FeO 

79 

.000 

MgO 

5...1 

15.40 

12.78 

18.05 

7.69 

1 .  15 

.oi-. 

.  i):t'.i 

.  0:i2 

.010 

.Oo:i 

(aO 

S.  15 

U.  92 

12.41 

10.  19 

9.  42 

2.  59 

.ui-'-. 

.DIH 

.l)L'2 

.OlS 

.017 

.005 

^X.<) 

S.  'M 

8.  24 

1.40              1.17 

1 .  85 

9.60 

.  Ol)."> 

.  (Id') 

.  oo'i               .  002 

.003 

.01.5 

K/) 

.  S() 

.47 

.82                .81 

2.  02 

1.06 

.(Mil 

.  (11)0 

.000 

.  00(1 

.  002 

.001 

H,0 

Others 

1 .  05 

//  3.  44 

8  50 





Total... 

100.  i;; 

100.  78 

100.  82           99.  67 

99.  92 

100.20 

(I  Kcckonec 

I  ns  Fe.,0:,. 

/iWith  ( 

'O... 

1.  (inaitz-l)asalt  ("quartz-diabase"),  Chutham,  Virginia.' 

2.  ()liviii»'-ba.-Jalt  ("olivine-diabast' "),  t'liathani,  Virjiiiiia.'' 

8.   Ilyiiei'stlu'ue-basalt  ("hyi>er.sthene-iliahase"),  Culpeper  County,  Virginia." 

4.  Oli vine -hypersthene- basalt        {  "olivine- hyi)ersthene-<.liabase  "  ),       Culpejn 
County,  Virginia." 

5.  Tachylite-basalt  ("  basic  pitchstone"  ),  Mcriden,  Connecticut." 

6.  Keratophyre  or  bostonite,  near  New  Haven,  Connecticut." 


'  "  Thy  pk'oohroism  of  some  section.s  is  fairly  stroiiK.     a  =  ro(idish-l)rown,  b  =  pale  greenish-yellow, 
C  =  blue-green."    0p.eit.,r.)<8. 

K.O.Hovey:  .Kni.,I.mr.S(i..4th  .seric 


=  A  relatively  ncid  dike  in  the  Conncclicui 
Vol.ni,lS97,p.'291. 
•■'  A  basic  dike  in  the  Connecticut  Tria-<sic,  l.y 
<Am.  Geologist,  Vol.  XXII,  p.  ;llfi. 
Mbid. 
•Bull.  C.eol.  Soc.  Am.,  Vol.  II,  p.  :!lii. 


■i>\vold:  Hull.  Mus.  Comp.  Zool.,  Vol.  XVI,  p.  2M. 


*  Bull.  «eol.  Soc.  Am.,  Vol.  VIII,  p.  77. 

'Am.  .lour.  Sel.,  4th  series.  Vol.  III.  ls'.i7,  p.  201. 
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Since  the  odIv  occurrences  of  the  basalt  in  the  southern  areas  are 
apparently  dikes,  and  since  the  onh^  aljnornial  rocks  of  the  northern 
areas  have  also  this  manner  of  occurrence,  it  is  not  improbable  that 
the}^  represent  rock  which  was  intruded  at  a  somewhat  diti'erent  period, 
and  in  this  way  their  divergence  from  the  normal  rock  of  the  province 
may  be  accounted  for,  rock  of  the  main  How  and  of  the  sills  l)eing 
throughout  the  province  remarkably  uniform  in  composition. 

The  tachylite-basalt  ("basic  pitchstone")  described  I)y  Emerson 
from  the  Meriden  ash  bed,  Connecticut,^  is  somewhat  abnormal  in  its 
composition,  but  this  seems  to  be  due  less  to  ditierences  in  its  original 
composition  than  to  sand,  lime,  and  other  materials  which  it  has  taken 
up.  (See  Table  III,  colunui  .">.)  It  is  obtained,  however,  from  the 
lower  or  anterior  extrusive  sheet  of  basalt,  and  it  has  been  here  shown 
that  in  the  Pomperaug  Valley  area  this  sheet  ditiers  somewhat,  both  in 
mineral  and  in  chemical  composition,  from  the  main  sheet. 

To  obtain  the  average  composition  of  the  unaltered  basalt  of  the 
north-central  Newark  province,  analyses  of  the  extrusive  basalts  of 
Mount  Ilolyoke,  Massachusetts;  Pine  Hill,  Connecticut;  and  Watchung 
^Mountain,  New  Jerse}-,  were  combined  with  those  of  the  intrusive 
ba.salts  of  West  Rock  and  Wintergreen  Lake,  Connecticut;  the  Pali- 
sades, New  Jersey;  Point  Pleasant  and  Gulf  Mills.  Pennsylvania;  and 
Rocky  Ridge,  Maryland.  All  have  been  corrected  so  far  as  possible  to 
exclude  the  effects  of  weathering.  This  composite  analysis  appears 
in  Table  II,  column  ♦>,  and  the  composite  diagrams  of  it,  as  w  ell  as  of 
other  analyses  represented  in  the  same  table,  are  given  in  fig.  25  (p.  70). 

'Diabase  i>itc.hstone  an<l  mud  inclosures  of  the  Triassin  trap  of  Xew  England,  by  B.  K.  Kmerson; 
Bull.  Geol.  Soc.  Am.,  Vol.  VIII,  1897,  p.  77. 


CHAPTER    IV. 

DEFORMATION. 

SECTION  1.— ELEVATION  AND  TILTING  OF  THE  AREA  SUBSEQUENT 
TO  THE   DEPOSITION  OF  THE  NEWARK  BEDS. 

The  .sedimentary  rocks  of  the  Pomperaut^-  Valley  do  not  lie  hori- 
zontal, but  have  dips  of  15^  to  about  60^  E.,  the  average  dip  being 
about  20-.  A.s  the.se  .sediments  are  confined  in  their  occurrence  almost 
exclusixely  to  the  southwestern  portion  of  the  province,  near  the  village 
of  South  Britain,  the  details  of  this  structure  ma}'  be  studied  in  the  spe- 
cial map,  PI.  VIII.  Exceptions  to  the  prevailing  eastern  dip  are  noted 
only  in  the  area  immediatel}' surroimding  the  "Triangle."  That  the 
dip  of  the  basalt  sheets  conforms  to  that  of  the  sediments  is  apparent 
from  the  profile  of  the  ridges  when  observed  from  the  south  wall  of 
the  basin  (PI.  V,  ^1),  the  gently  dipping  eastern  .slopes  of  the  main 
ridges  conforming  roughly  to  the  average  dips  of  the  sandstones  and 
conglomerates. 

The  petrographical  stud}'  of  the  area  has  shown  that  the  basalt  Avhich 
is  at  the  surface  near  the  eastern  margin  of  the  area  of  exposures  rep- 
resents the  upper  portion  of  the  flow,  whereas  that  occup3-ing  the 
summits  of  the  higher  ridges  on  the  west  has  textures  indicating  a 
lower  zone  of  the  sheet.  Since  the  first-mentioned  upper  layer  is 
loo.se  textured  and  of  a  kind  easilv  removed  by  the  forces  of  subaerial 
erosion,  whereas  the  material  of  the  western  ridges  is,  as  regards  the 
same  forces,  resistant  in  the  extreme,  it  is  evident  that  there  has  been 
a  decapitation  of  the  western  ridges  due  to  some  more  favorable  condi- 
tions of  degradation  than  have  obtained  on  the  eastern  slopes.  "We 
need  not  concern  ourselves  at  the  present  moment  with  these  condi- 
tions, but  the  decapitation  can  be  safely  predicated  from  the  facts 
given,  and,  further,  it  is  indicated  also  in  the  peculiar  curves  of  the 
present  profiles.  The  average  eastern  slope  of  the  basalt  ridges  would 
now  represent,  then,  something  less  than  the  actual  dip  of  the  sheet. 
There  is,  however,  a  compensation  for  this  in  the  nature  of  the  extensive 
dislocation  to  which  the  area  has  been,  as  a  whole,  subjected,  and  the 
profiles  of  the  eastern  shapes  of  the  main  ridges  may  l)e  regarded  as 
fairly  representing  the  dips  of  the  sheets. 

The  .saddle-like  fault  structure  of  the  northern  areas  has  i>reserved 
but  the  skeleton  of  the  eastoily-sloping  monocline,  but  the  same  difl'er- 
ences  in  texture  of  the  ea<t(M'n  and  west(M-n   l)elts  are  noted. 
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The  similar  easterly  dipping-  monocline  which  is  characteristic  of 
the  Connecticut  Valley  was  in  the  earlier  studies  of  that  area  accounted 
for  by  obliquit}'  of  original  deposition;  but  no  geologist  of  the  present 
period  would  for  a  moment  consider  this  hypothesis  adequate  to 
explain  the  facts.  To  account  for  the  present  monocline,  we  must 
assume  that  the  beds  of  the  Newark  system  of  rocks  were  raised 
above  sea  level  and  that  eitiier  at  this  time  or  subsequently  they  were 

tilted  gently  to  the  southeastward 
',  so  as  to  assume  their  i)resent  at- 

titudo. 

The  variations  in  strike  and  dip 
of  the  sedimentary  beds  as  re- 
corded upon  the  map  ai-e  often 
c()nsideral)le,  but  th(>y  can  not  l)e 
a.scril)ed  to  any  notable  arching 
or  folding-  of  the  stratti.  The 
merest  glance  at  the  map  reveals 
the  fact  that  for  circumscril)ed 
areas  there  is  ahnost  perfect 
agreement  in  l)()th  the  strike  and 
the  dip  of  the  beds,  l)ut  that  one 
or  both  of  these  cliango  with 
ji-reat  suddenncvss  at  c(!rtain  poi  nts, 
so  that  the  area  could  I)e  easily 
divided  into  a  lunnbei-  of  fields  in 
i'ach  of  which  the  dips  and  strikes 
would  have  a  nearly  constant 
value.     (Fig.  2t',.) 

Am   essential    cluu-actiTistic   of 
\  ',     \*3o  every   region  of   fokled  strata  is 

.h^lSs    |--v^  \         ,  that    gradational    values    should 

H^^  be  obtained  to  correspond  with 
^  every  important  change  of  dip 
or  of  strike,  owing  to  the  fact 
that  folds  appear  as  curves  in 
practically  all  of  their  sections. 
The  continuation  of  the  out- 
crops of  any  given  horizon 
;ilong  a  In-oktMi  line,  or  zigzag,  is  characteristic  of  a  dislocated,  not 
of  a  folded,  region.  It  is  believed,  therefore,  tliat  the  deforma- 
tion of  the  area  which  brought  about  the  variations  of  dip  and  of 
strike  occurred  under  a  moderate  load  only  and  in  the  earth's  upper 
zone  of  fracture.' 
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Fig.  26.— strike  and  dip  observations  character- 
istic of  a  dislocated  area.  (From  the  vic'inity 
o£  Sotith  Britain.)  Within  areas  roughly  out- 
lined by  dotted  margin,  both  the  strike  and  the 
dip  of  the  beds  have  nearly  constant  values. 


'  Cf.  C.  K.  Van  Hisp,  Sixteenth  Ann.  Kept.  U.  S.  Oeol.  Survey, 
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This  dcfonnation  of  the  area  was  accouiplislicd  -subsequent  to  tbo 
completion  of  the  deposition,  and  of  the  lava  extrusion  as  well,  since 
all  members  of  the  Newark  system  are  affected  in  like  manner.  It  is 
probable  also,  from  the  nearly  vertical  hade  of  faults,  that  the  deforma- 
tion occurred  subsequent  "both  to  the  elevation  and  to  the  tilting-  of  the 
beds.  Evidence  drawn  mainly,  though  not  exclusivel}',  from  physio- 
graphic and  stratigraphic  observations  in  other  areas  of  the  Newark 
favors  the  view  that  this  deformation  had  been  accomplished  in  Creta- 
ceous time;  hence  it  is  believed  to  have  occurred  either  in  post-Newark 
and  pre-Cretaceous  (Jurassic?)  or  in  early  Cretaceous  time.  It  was  in 
all  probability  accomplished  wIkmi  th(>  great  ])lain  of  ci'osion  of  south- 
ern New  England  was  formtnl. 

SECTION    2.— NATURE    OF    THE    EVIDENCE    FOR    THE    EXISTENCE 
OF  FAULTS. 

From  the  very  nature  of  faults  the  actual  planes  of  faulting  are  only 
in  rare  instances  found  exposed  at  the  surface  in  sueh  a  way  that  the 
juxtaposition  of  beds  known  to  have  been  formed  at  different  times 
along  planes  transverse  to  their  bedding  can  be  exhibited  as  indisput- 
able evidence  of  dislocation.  Save,  then,  where  conditions  have  been 
exceptionally  fortuitous,  it  has  been  necessary  to  assume  the  existcMice 
of  faults,  because  other  kinds  of  deformation  which  can  be  shown  to 
have  taken  place  within  any  province  inider  examination  are  incompe- 
tent to  explain  the  ol)served  facts.  It  is  no  surprise  to  find,  there- 
fore, that  the  fault  has  often  been  the  cloak  of  ignorance,  more  espe- 
cially where  in  regions  of  complicated  deformation  the  structure  has 
been  for  any  reason  interpreted  on  a  wrong  theor}-.  By  assuming  a 
sufficiently  large  numl)er  of  dislocations  almost  any  arrangement  of 
beds  can  be  accounted  for,  pro\idcd  too  close  attention  is  not  given 
to  actual  exposures,  and  the  fault  becomes  the  last  resort  of  geologists, 
when,  if  it  had  been  less  c(mipetent  to  explain  the  facts,  further  study 
might  have  revealed  the  correct  structure. 

In  the  recomiaissance  survc}'  of  the  Pompcraug  Valley  a  consider- 
able luunber  of  faults  seemed  to  be  indicated  by  the  unusual  topographic 
development  of  the  area,  by  the  areal  distril)ution  of  tiie  several  mem- 
bers of  the  system,  and  by  sudden  changes  in  the  dip  and  strike  of  the 
sedimentary  members.  To  secure,  if  possibl(>,  adequate  evidence  for 
the  existence  of  tlie  faults  the  vicinity  of  South  liritain  was  chosen  as 
a  favoral)le  one  for  detailed  study,  because  the  prt>sence  there  of  the 
four  lower  members  of  the  system  offered  the  possibility  of  finding 
the  planes  of  ai-tual  dislocations.  For  this  region  a  map  was  ])ie- 
pared  on  a  scale  of  4  inches  to  the  mile,  on  which  it  was  attempted  to 
locate  every  outcrop.  In  order  to  separate,  so  far  as  possible,  fact  and 
theory  on  this  map,  the  actual  ex])osures  have  been  indicated  in  deep 
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colors,  iuul  the  .supposed  extension  of  the  menil)er  to  which  the  exposure 
belongs  by  lighter  tints  of  the  same  hue. 

The  principal  faults  of  the  area  have  been  determined  by  some  one 
of  the  following  methods:  ^1,  the  offsetting  of  formations  in  outcrop; 
B,  sudden  changes  of  strike  or  dip,  or  of  both  strike  and  dip;  C.  the 
occurrence  of  scarps  in  the  harder  rocks;  D,  the  local  development  of 
fault  rock  (reibungsbreccia);  and,  ^,  the  development  of  slickensides. 
In  locating  additional  faults  after  the  nature  of  the  structure  had  been 
largely  read,  the  following  observations  were  also  utilized:  F,  sudden 
disappearance  of  outcrops  along  a  rectilinear  boundary;  and,  G,  the 
rectilinear  arrangement  of  surface  springs.  To  illustrate  these 
methods,  jis  well  as  to  aid  geologists  Avho  may  in  the  future  visit  the 
PomiKH-aug  Yall(\v.  there  will  l)e  described  below  localities  where  each 

of  these  methods  has  been  applied 
in  determining  a  dislocation. 

A.  Tlie ojf'.-t(ttlit(/ (iff(>rmatUmi<  in 
ontcroj). — The  shoulder  near  the 
western  and  southwestern  base  of 
Pine  Hill  is  produced  by  a  series  of 
exposures  of  indurated  arkose  and 
conglomerate,  with  the  overlying 
decomposed  anterior  biisalt.  The 
metamorphosed  conglomerate  has 
proved  verj'  resistant  to  the  disinte- 
grating forces  of  the  atmosphere, 
and  its  exposures  usually'  project 
above  the  general  level  as  ridges  a 
few  feet  in  height.  A  gentle  swell 
of  barren  soil  lies  east  of  each  ridge, 
and  a  little  scratching  with  the 
hammer  shows  that  the  material  of 
these  low  mounds  is  decomposed 
basalt  of  the  anterior  flow.  The  conglomerate  ridges  are  each  a  few 
hundred  feet  long  and  end  abruptly,  the  individuals  in  the  series  being 
arranged  en  echelon  with  parallel  axes.  Together  they  produce  a 
crescentic  series  similar  to  that  which  has  been  so  often  described  in 
the  Connecticut  Valley.  Davis  has  observed  the  structure  at  this 
locality,*  although  he  has  mapped  but  five  ridges,  while  seven  can  be 
made  out  without  difficulty. 

B.  Sad'l),  changes  of  Htrile  or  dq),  or  of  hath  xtr'il;-  and  ^7/>.— As 
good  an  illustration  of  this  as  could  be  given  is  to  be  found  in  the 
spring-house  section,  east  of  Sage's  creamery,  South  Britain  (see  tig.  27). 
A  cart  road  from  South  Britain  village  to  the  Poverty  district  follows 
the  north  bank  of  a  small  stream  l)etween  Rattlesnake  and  Sherman 


Fig.  27. — Ski'toh  map  (if  the  spring-house  sec- 
tion. Areas  of  shale  exposure  are  stippled. 
Outcrops  of  anterior  basalt  are  slinwn  in 
black  with  white  spots. 
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hills.  On  the  north  of  the  cart  road  shale  is  found  in  a  steep  wall,  the 
beds  dipping^  southerly  at  a  high  angle.  A  short  distance  from  where 
the  outcrops  begin  on  the  west  the  strike  suddenly  changes  from  N. 
80=  W.  to  N.  5.5=  E.,  and  the  dip  from  35°  SW.  to  55°  SE.  The  junc- 
tion between  these  different  sloping  beds  is  seen  in  the  sharp  prow  of 
the  exposure  at  the  bend  of  the  road. 

C.  Occurrence  of  scarj^s  in  the  harder  rod's. — These  are  preser\'ed 
both  in  the  basalt  and  in  the  crystalline  rocks  forming  the  walls  of  the 
basin.  In  the  former  they  are  shown  to  perhaps  best  advantage  in 
Orenaug  Hill  (PI.  X),  where  nearly  every  boundary  of  exposure  is  a 
bold  cliff,  exceptions  l)eing  found  only  along  the  southern  base  of  the 
eastern  twin  (PI.  XIII,  B).  Few  geologists  would  doubt,  however,  that 
the  bold  scarps  in  the  other  areas  of  the  basin  have  also  been  formed 
by  dislocations.  In  the  schists  and  gneisses  almost  the  entire  western 
and  northern  walls  of  the  basin  are  formed  in  this  way.  One  cliff 
having   a   rectilinear    face    extends 

nearly  a  mile  along  the  western  wall.  \  \     \ 

The  evidence  to  show  that  these  cliff 
faces  are  fault  walls  is  not  deduced 
solely  from  their  plane  surfaces  and 
their  steep  inclinations,  for  quite  as 
important  is  the  observation  that 
there  are  many  parallel  cliffs,  all  the 
scarps  of  the  region  falling  into  a 
comparativeh'  small  muiiber  of  paral- 
lel series.  It  is  rare  to  find  curving 
cliff  scarps,  although  a  cliff'  composed 
of  a  number  of  parallel  elements  and 
trending  in  a  zigzag  would,  on  a  map 
of  small  scale,  produce  this  effect.  The  scale  of  the  general  map,  PL 
I,  is  too  small  to  indicate  all  the  details  of  the  faulting,  and  a  scarp 
represented  on  the  genei-al  map  by  a  straight  line  (as  ah  in  tig.  28)  may 
in  the  exposure  show  a  surface  which  is  represented  hy  a  broken  line 
{cd  in  fig.  28). 

D.  Local  development  of  fault  rock. — At  the  contact  of  amygdaloid 
and  anterior  shale  in  the  spring-house  section  (p.  52)  the  shale  is 
found  broken  into  great  blocks  (iicar  contact  northwest  of  road  and 
brook),  some  of  which  have  dimensions  of  several  feet.  True 
reibungs])reccias  have  also  been  discussed  in  the  preceding  section.  Of 
the  localities  there  enumerated  for  the  occurrence  of  this  rock,  the 
most  instructive  is  jwrhaps  that  near  the  Oliver  jNIitchell  spring, 
where  the  contact  of  the  thre(>  lower  membei-s  of  the  series  \\  as  laid 
open  by  a  few  feet  of  digging.  The  dislocation  at  this  locality  was 
clearly  indicated  as  well  by  the  sudden  change  in  X\w  strikes  of  the 
indurated  north-trcMiduio-  contilonuMate  ridge  as  bv  its  offsetting  and 


28.— Details  of  a  ixjrtion  of  the  western 
basin  wall,    gr,  granite;  sch,  schist. 
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that  of  the  amygdaloid  to  the  east  of  it.  Examination  of  the  locality 
further  indicated  that  the  fault  which  had  produced  these  irregularities 
.should  tnMid  northeasterly  and  would  proliably  coincide  with  the 
northwestei-ii  face  of  the  main  basalt  ridge  lying  to  the  southwest  of 
Hod  Spring.  'Die  line  connecting  the  latter  with  the  former  would, 
mor<>over.  mark  an  abrupt  change  in  the  character  of  the  country, 
an  even  slope  of  pasture  land  lying  to  the  north  of  this  marked 
line.  Tiie  evidence  \va-<  ht-re  s;)  conclusive  thiit  at  the  first  spot 
jjclected  for  digging  r«'il)ungsl)reccia  was  found  in  a  band  varying 
from  a  few  inches  to  a  f»)ot  in  width,  with  amygdaloidal  basalt  in  the 
south  wall  and  sandy  shale  in  the  north  wall.  The  band  was  uncov- 
ered foi-  a  distiince  of  se\eral  feet  and  found  to  trend,  as  nearly  as 
could  be  measured  from   this   short   distance.  N.  :>()-  E.     A  straight 
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line  b(>iiring  al>()ut  N.  ;").">  ^  E.  extcMided  from  this  point  Avould  coincide 
closely  with  the  north  fac(>  of  tli(>.  basalt  exposures  south  of  the 
Poverty  district  and  west  of  Red  Spring.  Extended  westward  a  few 
feet  this  band  of  breccia  meets  conglomerate  so  as  to  bring  the  three 
lower  members  of  the  Newark  .•system  into  juxtaposition  (tig.  2'.>). 

The  reibung.sbrecciasof  the  Pomperaug  Valle}^  seem  generally  to  be 
developed  along  fault  planes  near  the  junction  of  a  harder  Avith  a 
softer  layer,  and  the  fragmental  material  inclosed  in  the  rock  indicates 
that  material  has  dropped  downward  in  the  fissure;  but  no  evidence 
ha.s  Ijeeii  discovered  of  any  considerable  upward  movement  of  material 
along  the  fault  planes  (see  p.  72). 

E.  I)<  i\lopii„„t  of  slir-l-emil.dea. — This  method  of  determining  the 
presence  of  faults  is  only  of  secondary  importance  in  the  area  under 
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ooiisidenitioii.  Slickensides  have  been  observed  in  the  anterior  shales 
of  the  spriiij>-house  section.  In  the  main  l)asalt  sheet  th«>y  nui}'  be 
seen  to  the  best  advantage  in  the  clift'  which  is  just  wi!st  of  Bacon  Pond, 
at  the  eastern  foot  of  the  eastern  twin  of  Orenaiig  Hill.  Here  the 
basalt  rises  with  nearly  vertical  walls  like  a  tower,  ha\ino-  an  almost 
square  base.  The  vertical  v/alls  are  covered  with  longitudinal  Huting, 
the  grooves  of  which  are  of  a  finger's  width. 

This  might  seem  at  tirst  thought  to  otter  but  slight  evidence  of  a  dis- 
location, and  in  certain  districts  of  folded  rocks  it  might  not;  but  in  a 
district  like  the  one  under  c-onsideration,  in  which  no  folds  have  been 
observed  and  which  from  other  observations  is  shown  to  have  suffered 
many  dislocations,  this  method  of  observing  comes  to  have  very  great 
importance.  To  make  this  clear,  let  us  consider  a  series  of  localities 
which  will  illustrate  the  sudden  disappearance  of  outcrops  of  each  of 
the  nu-mbers  of  the  system  along  a  rectilinear  boundary. 

(I.  Below  the  road  bridge  over  the  Pomperaug  River  at  South  Brit- 
ain are  extensive  exposures  of  the  South  Britain  arkose  conglomerate 
with  accompanying  beds  of  shale  and  sandstone.  The  entire  bed  of 
the  stream  seems  to  !)e  occupied  with  the  formation,  the  strike  and 
dip  of  which  is  everywhere  nearly  the  same  (strike  N.  5^  E.,  dip  35^ 
E).  Some  distance  below  the  bridge  these  outcrops  die  out  a])ruptly 
along  a  straight  line  which  crosses  the  stream  obliquely  in  a  direction 
N.±8()~^  W.,  the  arkose  projecting  above  the  water  at  the  margins  of 
the  exposures,  but  being  innnediately  replaced  l)y  sand  oi-  nuid,  which 
forms  the  river  bed  for  a  few  miles  below. 

The  upper  (southeastci'ii)  boundary  of  tiie  same  exposure  of  the 
South  Britain  conglonuM-ate  is  even  more  interesting.  The  outx-rops 
cease  just  below  the  road  bridge  in  a  natural  dam  with  a  fall  of  (>  or  8 
feet.  The  arkose  composing  this  dam  and  that  occupying  the  river 
bed  for  some  distance  below  is  abnormal  in  that  it  is  rather  hard,  giv- 
ing forth  a  I'inging  sound  when  struck  with  a  hauuuer,  and  altogether 
very  diHicult  to  break.  It  is  also  paler  in  color  than  the  normal  rock, 
but  in  all  its  characteis  it  is  like  th(>,  induratiHl  variety  of  conglomerate 
which  is  found  near  the  contact  with  the  anterior  basalt,  and  it  is 
believed  to  owe  its  peculiar  proixMties  to  a  baking  process  brought 
about  through  <()ntact  with  that  nuMuber.  No  basalt  is  now  in  out- 
crop near  it,  although  it  has  been  obsei'ved  that  the  latter  rock  is,  other 
things  being  equal,  most  lik(>ly  to  l)e  preserv(>d  under  these  conditions, 
the  hardened  arkose  supporting  tli(^  l(>ss  resistant  basalt.  The  sharp 
boundary  of  the  exposure  suggests  tiiat  the  l)asalt  which  i)roduced  the 
induration  has  been  dropped  down  l)y  a  fault,  and  the  contiimation  of 
the  l>oundary  northeastward  coincides  at  the  spring  house  with  a 
fault,  to  the  southeast  of  which  the  siuue  rocks  (anterior  basalt  and 
indurated  conglomciate)  are     fouml.      Fartlier   northeastward,  along 
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the  same  direction  and  near  Red  Spring,  the  anterior  l)asalt  is  again 
encountered  on  the  right  of  this  line.  These  facts,  taken  in  connec- 
tion with  one  another,  point  to  a  prol)a1)le  depression  of  a  block 
along  the  .supposed  fault  referred  to,  which  would  be  quite  competent 
to  explain  the  induration  of  the  conglomerate  in  the  natural  dam  and 
the  absence  now  of  l)asalt  from  the  vicinity. 

I.  The  anterior  l)asalt  is  of  such  small  thickness  (where  measured, 
only  about  25  feet)  that  it  Avould  seem  to  offer  small  opportunity  for 
the  observation  of  fiiulting  by  the  termination  of  its  exposures,  l)ut  its 
protection  by  the  indurated  arkose  and  the  readiness  with  which  its 
exposures  may  be  followed,  taken  in  connection  with  its  luiiformity 
of  thickness  wherever  o])served,  makes  any  sudden  termination  of  its 
exposures  a  matter  of  considerable  signiticance.  East  of  the  Spring 
House  (south  of  Rattlesnake  Hill)  its  exposures  may  be  followed 
northward  a  few  hundred  feet  in  a  low  swell  of  decomposed  rock  to  a 
point  where  they  offset  to  the  westward,  and  continue  an  equal  dis- 
tance before  ceasing  entirely.  West  of  the  Spring  House  one  ma}'^ 
start  northward  on  the  low  swell  of  basalt  and  w^alk  three-fourths  of  a 
mile,  always  on  the  basalt  and  with  the  conglomerate  ridge  almost 
within  touch  on  the  west,  before  both  suddenly  cease  in  a  little  branch 
of  the  Oliver  Mitchell  Brook.  Beyond  this  point  a  broad  slope  of 
pasture  land  extends  to  the  northward  for  more  than  2  miles  without 
an  exposure  of  any  kind.  I  think  the  evidence  is  here  sufl&cient  for 
assuming  the  existence  of  a  fault  where  the  exposures  end. 

c.  In  the  vicinity  of  Red  Spring,  limestone  and  red  shale  of  the 
anterior  shale  formation  outcrop,  together  with  anterior  basalt,  with 
which  they  arc  sometimes  found  in  contact.  On  every  side  but  the 
northwest  this  rock  is  surrounded  at  no  great  distance  ])y  massive 
exposures  of  the  main  basalt,  and  to  the  northwestward  stretches  the 
even  slope  of  the  Poverty  district,  barren,  at  least  so  far  as  outcrops 
are  concerned.  The  rectilinear  boundaries  of  the  shale  exposures 
here  seem  clearlv  to  indicate  the  location  of  fault  planes.  The  Red 
Spring,  so  called  from  the  deep  brick-red  nmd  from  which  it  oozes,  is 
on  the  border  of  the  area  of  red  soil,  dark  soils  being  found  immedi- 
ately to  the  south  of  it.  and  it  is  inferred  that  the  l)ounding  fault  is 
located  at  this  line. 

'7.  The  western  Avail  of  the  basalt  of  East  Hill  is,  near  its  southern 
end,  a  l)old  cliff  as  much  as  30  feet  in  height.  As  we  proceed  north- 
ward this  cliff  falls  jiway  rapidly,  but  the  outcrops  by  which  it  is  con- 
tinued and  Avhich  project  but  a  fcAV  feet  above  the  ground  terminate 
on  the  west  along  a  rectilinear  ])oundary  which  adheres  with  remark- 
able fidelity  to  the  direction  of  the  cliff  at  the  south.  At  a  point  al)out 
one-third  of  a  mile  north  of  the  Poverty  road  this  Avestern  l)oundary 
of  basalt  turns  sharplv  to  the  northwest  on  a  straight  line,  tiftcr  AA-hich 
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offset  it  resumes  l)}-  n  sharp  turn  its  original  direetioii  (tig.  ;5(i). 
northern  stretch  of  the  llagland  Ridge  is  another  case  in  point,  ; 
would  be  eas\-  to  nuiltiply  examples. 

<;.  In  the  crystalline  rocks  composing  the  walls  of  the  Pompi 
Basin  observations  similar  to  those  just  given  have  been  made, 
localities,  however,  will  suffice  for  illustration.  About  li  miles  due 
west  of  the  town  of  AV'oodI)ury  a  small  area  of  granite  outcrops  from 
the  expanse  of  drift,  like  an  island  from  the  sea.  In  the  southeastern 
portion  of  this  island  the  granite,  by  its  regular  serrated  protiles, 
shows  the  clearest  evidence  of  several  parallel  dislocations.  The 
whole  area  is  bounded  ))y  straight  lines  of  varia1)le  extent,  forming' 
a  polygon  with  one  reentrant  angle. 
Another  particularly  clear  instance  of 
the  termination  of  gneiss  exposures  by 
a  fault  is  found  in  the  Pomperaug 
River  al>ove  the  railroad  bridge.  The 
continuous  outcrops  extend  (iOO  feet 
from  the  bridge,  with  strikes  about 
N.  40'  W.,  and  terminate  as  suddenly 
as  does  the  conglomerate  below  the 
dam  in  South  Britain,  but  here  along 
a  plane  trending  N.  =h  90^  PI 

G.  The  rectilinear  arramjeuh-.nt  of 
Huvface  springs. — In  contrast  with  the 
region  of  crystalline  rocks  l)y  which  it 
is  surrounded,  the  basin  of  the  Pom- 
peraug River  possesses  an  exceptional 
number  of  surface  springs.  These 
springs  are  for  the  most  part  constant 
in  their  flow,  and  many  of  them  ai-e  of 
icy  coldness,  two  facts  which  taken  in 
connection  with  one  another  would 
seem  to  require  for  their  explanation 

a  moderately  deep-seated  source  of  supply.  Early  in  this  investioa- 
tion  it  was  noticed  that  these  springs  were  arranged,  at  least  in  a  num- 
ber of  instances,  along  straight  lines,  and  hence  careful  mapping-  of 
them  was  undertaken.  The  larger  numljcr  ar(^  loc-ated  in  the  arkose- 
basalt-shale  district  of  the  vicinity  of  South  Britain.  One  of  the  more 
remarkable  series  is  that  which  is  arranged  along  the  main  fault  line 
of  tig.  (5  (p.  41).  This  fault,  which  trends  a  little  west  of  north,  passes 
through  the  icy  spring  on  the  Oliver  Mitchell  place.  Continuing 
northward  from  this  spring,  three  springs  arc  encountered  within  a 
distance  of  one-third  of  a  mile,  and  to  the  southward  along  the  same 
direction  is  the  spring  which  supplies  the  public  watering  trough 


Fig.  30.— Western  boundjiry  oi  East  Hill 
Stippled  urea  is  biisnlt;  S,  sandstone. 
Dot-and-dii.sU  lines  are  limits. 
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iKid   In-iduc  :it   South   P.i-itaiu.       (See  Pis.   VIII 

of  Sherman  Mill  is  found  a  series  of  .springs 
wampy  zone.      West  of  the  Curtiss  place,  which 

is  found  a 


Curtiss  place 


located  south  of  the 
and  XV.) 

On  the  south  slop 
causino-  an  elongated 

is  located  one-half  mile  southeast  of  South  Britain  village 
linear  series  of  at  least  seven  surface  springs,  whose  course  is  nearlv 
parallel  with  the  road  to  Bennett's  bridge.  Parallel  with  them  also 
and  l)ut  a  few  feet  fartlier  west  runs  an  interrupted  series  of  gneiss 
exposures,   doubtless   representing  the    upthrown   liml)  of    the   fault 

along  which  (lie  spi-ings  have 
reached  the  surface  (tig.  31). 
One  of  the  springs  in  this  series, 
whicji  is  utilized  to  supply  Avater 
to  the  Curtiss  i)lace,  is  repoi-ted 
to  have  ])een  for  a  period  cov- 
ering many  years  remarkably 
legular  in  its  flow  and  appar- 
ently independent  of  conditions 
of  precipitation.  Tlie  season 
of  lSit;»  was  an  exce])tionally 
dry  one  in  C'oiuiecticut.  l)ut  all 
springs  which  luive  lieen  located 
on  the  map  were  flowing  in 
August  and  S(>i)tenil)er  of  that 
year. 

It  will  be  noted  on  examining 
tlie  map  (PI.  VIII)  that  a  con- 
siderable mimber  of  springs  are 
located  at  i)oints  from  wliicli  a 
numl)er  of  faults  radiate,  and 
it  has  been  obsei-ved  that  these 
springs  are,  as  a  rule,  both  the 
colder  and  the  more  persistent 
in  their  flow.  Of  their  numl)er 
are  the  Oliver  Mitchell  spring. 
Red  Spring,  the  spring  north  of 
the  Pine  Hill  ridge,  the  spring  in  the  spring  house  east  of  Sage's 
creamery,  I).  :\I.  Mitchell's  spring,  and  the  one  at  the  watering  trough 
near  the  South  Britain  bi-idge.  These  springs  seem,  therefore,  to  be 
natural  artesian  wells,  the  shafts  of  which  are  the  widening  of  fault 
planes  at  their  junctions. 

Smce  the  time  of  Daubeny  and  Forbes  the  location  of  springs  has 
been  connected  with  fissures.  Particularly  throughout  the  West  has 
a  rectilinear  arrangement    of    springs  been    interpreted    to   indicate 


Via.  81.— Sketch  map  of  the  vicinit.v  of  the  WiUiam 
Curtiss  plmxs  South   Britain.    A  is  the  loiality 

_  where  b.v  trenching  nrkose  was  discovered  in  hul- 
l(lw^s  below  the  glaciated  surface  of  the  gneiss. 
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their  location  aloiiy  fault  planes.     Ku^i.'seli,  in  his  interesting-  descrip- 
tion of  the  faulted  blocks  of  southern  Oregon,  says:' 

Conversely,  when  we  find  hot  springs  at  a  distance  from  volcanic  centeis,  espe- 
cially if  they  occur  in  a  linear  series,  we  may  presume  that  they  mark  a  line  of  recent 
faulting. 

In  his  excellent  report  on  the  mineral  waters  of  the  United  States, ' 
Peale  cites  a  number  of  regions  in  which  the  arrangement  of  mineral 
springs  is  along  fault  planes.  Among  these  are  the  cold  Saratoga 
springs  of  New  York  and  the  Avarm  springs  of  Virginia.  Referring 
to  the  area  described  bv  Russell,  he  says:  "A  map  of  the  hot  springs 
of  the  Great  Basin  would  l>e.  to  a  great  extent,  a  map  of  its  displace- 
ments." 

Hill  describes  the  Rio  Grande  I'lain  ''fissure  springs."  which  are 
ranged  along  lines  of  displacement.'* 

Russell  mentions  in  the  Surprise  Valley,  Oregon,  the  occurrence  of 
springs  at  points  from  which  faults  radiate  in  the  manner  which  has 
here  l)een  reported  fi'om  the  Pomperaug  Valley.  He  says,  referring 
to  a  displacement:* 

This  in  its  turn  throws  off  several  smaller  faults  which  radiate,  like  the  rays  of  a 
j)artially  opened  fan,  from  a  jjoint  on  the  eastern  shore  of  ISIiddle  Lake.  Near  whei-e 
these  fault  lines  diverge  there  are  copious  springs  having  a  temperature  of  180°  F., 
that  rise  through  the  fissures  produced  by  the  displacement. 

"  llw  Tri angle.-' — East  of  Sherman  Hill  is  a  triangular  area  of 
swampy  meadow  inclosed  on  all  sides  1)\"  dense  woods,  and  known 
throughout  the  region  as  ''The  Triangle."  (PI.  VHI.)  It  is,  as 
regards  its  outlines,  a  nearl}-  perfect  triangle,  and  so  sharp  is  its 
boundary  that  one  could,  if  he  chose,  walk  all  about  its  three  sides, 
keeping  one  foot  ever  on  the  firm  ground  and  the  other  in  the  swamp. 
It  is  apparently  bounded  on  all  sides  by  faults,  between  which  the 
block  has  been  depressed;  it  may  be  regarded  as  the  "triangle  of 
en-or''  occurring  at  the  junction  of  three  faults. 

SECTION   3.— CHARACTERISTICS    OF    THE    FAULTS    OF    THE     POM- 
PERAUG  BASIN. 

There  are  many  charactei'istics  other  than  the  strike  of  the  individual 
faults  of  the  Pomperaug  Hasin  system  which  need  to  l)e  con.sidered. 
Chief  among  these  are  the  inclination  of  the  walls  (hade),  the  displace- 
ment by  elevation  or  depression  along  the  fault  plane  (throw,  or  vertical 

'A  geological  reconnnissnnco  in  soutlieni  Ort'^o".  I>.v  I.C.  RtissoU:  Foiinli  Ann.  Kept.  l'.  S.  Geol. 
Survey,  1.SS4,  p.  4.VJ. 
=  Mineral  waters  of  the  rnite<l  States,  by  A.C.  Peale:  Fr.urteetUli  Ann.  Hept.  l'.  S.  (n-ol.  Survey, 

\m\.  Pt.  II,  pp.  (i:5-(>4. 

•■'Geology  of  the  Krtwards  Plateau  and  Rio  Grande  Plain  adjacent  to  Au.stin  and  San  Antonio, 
Texa-s,  with  reference  to  the  oceurrence  of  underKrouiid  waters,  hy  Robert  T.  Hill  and  T.  Wayland 
Vaughnn,  Eighteenth  Ann.  Rept.  U.S. Geol. Survey,  Pt.  II,  IS'.tS,  PI.  XLVI. 

<Op.pit.,p.  4.'iO. 
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throw),  the  horizont-il  disphiooiiUMit  along  the  surface  (hiterul  displuce- 
ment).  and  the  dili'erential  uplift  or  downthi'ow  (tilt). 


The  fault  ^vaIl^s  throughout  the  area  .seem  to  have  a  very  steep  inclina- 
tion— wherever  observed  steeper  than  75-,  and  generally  near  the 
vertical.  The  bold  clitis  of  basalt  in  the  Orenaug  and  liagland  dis- 
tricts furnish  perhaps  the  most  satisfactory  opportunities  for  obsei'v- 
ing  this  charact(M-i>tic.     The   slickensides  with   which  th(>  clirt'  walls 


Flfi.  S.'.— IiU'iilizfil  iirolilu  lo  sliow  Uie  supposcil  strnotnro  in  thu  rampart  slope  of  tho  basin  to  the 
west  of  Raglantl. 

west  of  Bacon  Pond  are  fluted  bear  testimony  to  the  fact  that  these 
faces  are  the  original  fault  walls  along  which  displacement  occurred. 
In  the  more  easil}'  weathered  gneisses  and  schists  which  compose  the 
walls  of  the  basin  the  scarps  in  man}-  cases  still  i)resent  their  bold, 
almost  vortical,  faces  to  one  approaching  from  the  valley. 


The  throw  of  the  faults  of  the  Pomperaug  area  can  not  be  accurately 
estimated,  owing  to  the  fact  that  the  thickness  of  the  Newark  series 
has  not  been  determined  with  accuracy.  It  is,  however,  safe  to  assume, 
in  the  instances  where  scarps  have  been  preserved,  that  the  throw  has 
been  as  great  as,  and  usually  greater  than,  the  altitude  of  the  cliff 
exposed.  No  throw  of  more  than  100  feet  would  be  proved  in  this 
way.  That  there  have  been  throws  of  much  larger  dimensions  is, 
however,  clearh'  demonstrated  l)y  the  fact  that  at  one  locality  in  the 
eastern  valley  (east  of  Orenaug  Hill),  and  at  one  locality  in  the  southern 
valley  (south  of  Pine  Hill),  exposures  of  the  main  })asalt  sheet  approach 
within  a  few  hundred  feet  of  the  outcrops  of  gneiss.  At  these  localities 
the  displacement  })etween  the  exposures  of  the  two  rock  masses  must 
have  been  ecjual  to  the  entire  thickness  of  the  Newark  series  below  the 
top  of  the  main  basalt  (at  least  1,200  feet),  plus  that  thickness  of  the 
gneiss  which  has  been  removed  by  the  forces  of  degradation.  The 
first  mentioned  of  the  two  localities,  that  east  of  Orenaug  Hill,  is  the 
more   instructive,    since   there   is   ample   evidence   that   the   nearest 
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exposures  of  basalt  constitute  an  upper  layer  of  this  sheet,  and,  further, 
topographic  peculiarities  speak  for  the  removal  of  a  considerable  thick- 
ness of  gneiss  by  erosion.  It  is,  perhaps,  significant  that  just  here, 
where  observations  point  to  the  greatest  displacement  within  the  basin, 
should  be  found  the  onl}^  locality  where  vertical  flutings  (slickensides) 
have  been  observed  to  characterize  the  basalt  scarps. 

Distr'thutlon  of  throw  over  a  zone  of  ixirallel  faults. — Although  the 
evidence  points  to  a  lai'ge  throw  in  the  case  of  one  or  two  dislocations, 
yet  it  seems  true  that  for  the  area  as  a  whole  throw  along  fault  planes 
has  been  small  in  comparison  with  the  figures  usually  given  for  throw 
along  faults  in  other  areas.  As  the  number  of  dislocations  has  been 
large,  the  displacement  along  each  has  been  small,  although  the  com- 
bined effect  in  any  particular  zone  may  be  considerable.  This  is  doubt- 
less explained  by  a  distribution  of  throw  over  a  series  of  near-lying 


Fig.  33.— Diagram  to  illustrate  crescentic  offsetting  of  outcrops  due  to  progressively  increasing  tilt 
ing  of  orographic  blocks. 

parallel  fault  planes.  Such  distribution  of  throw  may  be  seen  perhaps 
to  the  best  advantage  in  the  western  wall  of  the  basin  at  about  the  lati- 
tude of  Pomperaug  village.  Here  the  wall  of  granite  and  gneiss  rises 
in  a  series  of  steps  like  the  ramparts  of  a  fort  (idealized  in  fig.  32). 
The  nearly  vertical  cliff's  which  produce  these  steps  trend  a  little  west 
of  north,  one  having  ])een  followed  for  nearly  a  mile.  The  two  lower 
steps  of  the  series  are  of  granite  and  the  upper  ones  of  gneiss,  the 
contact  of  the  two  rocks  near  the  surface  being  evidently  the  fault 
plane  its(>lf .  The  profile  of  the  slope  suggests  that  the  throw  has  been 
distriliutod  not  uniformly  over  the  entire  slope,  nor  yet  exclusivel}' 
along  the  planes  which  form  the  largest  scarps.  l)ut  rather  in  a  series 
of  narrow  zones  of  parallel  faults  located  near  the  larger  of  the  present 
cliffs. 

•_M  (iKoi..  I'T  ;^ — 01 -7 
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Another  excellent  example  of  rampart  structure  due  to  a  distribu- 
tion of  throw  seems  to  be  afforded  by  the  slope  which  rises  into  Castle 
Rock  on  the  west  of  the  Pomperaug  River  north  of  Pompcraug'  vil- 
lage. Here  the  larger  steps  are  indicated  in  the  topography,  though 
too  suiall  to  appear  upon  the  topographic  map  (cf.  fig.  -il,  p.  111). 

LATKliAL   DISPLACEMENT. 

The  lateral  displacement  of  the  faults  of  the  Pomperaug  Basin  is, 
as  would  be  expected  in  the  case  of  faults  hading  near  the  vertical, 
practically  inappreciable.  Apparent  lateral  displacement  is,  however, 
to  be  noted  in  the  offsetting  of  beds  in  outcrop,  as  has  ah'eadj'^  been 
described  from  near  South  Britain.  This  kind  of  lateral  displacement 
is  a  well-known  feature  of  vertically  faulted  regions  where  the  beds  are 


Fig.  34.— Diagram  to  illustrate  crescentic  offsetting  of  outcrops  due  to  progressively  increasing  throw 
of  orographic  blocks. 

not  too  steeply  inclined.  The  lower  the  angle  of  dip  of  the  beds  the 
greater  will  be  the  apparent  displacement  due  to  upthrow  or  down- 
throw. 

Crescentic  offsetting  of  heda. — The  successive  offsetting  of  beds  in 
outcrop  so  as  to  produce  a  crescent-shaped  outline  to  exposures,  as 
has  been  observed  in  the  South  Britain  district,  can  be  produced  by 
parallel  vertical  faults  in  one  or  more  of  three  waj^s.  These  are: 
First,  by  regular  increase  in  the  dip  of  the  beds,  due  to  differential 
tilting  of  the  included  oi-ographic  blocks  (fig.  33);  second,  by  progres- 
sive increase  of  the  throw  without  differential  tilting  (fig.  34);  and, 
third,  by  progressive  decrease  of  the  fault  interval  (fig.  3.5).  The 
first  of  these  processes  would  result  in  a  decrease  in  the  width  of 
exposure  to  correspond  with  increase  of  dip.  This  not  having  been 
detected  in  the  special  case  which  we  are  considering,  and  the  dips 
being,  moreover,  measurable  and  approximately  identical,  it  is  evi- 
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dent  that  differential  tilting  has  had  little  part  in  producing-  the  jstruc- 
ture  in  question.  Both  the  other  processes,  however,  appear  to  have 
contributed  to  produce  the  general  result,  the  increase  in  offset,  indi- 
cating an  increase  in  the  throw,  being  especially  noticeable. 


For  the  Pomperaug  area  as  a  whole  it  is  probable  that  the  upthrow 
or  downthrow  along  a  fault  plane  has  been  within  an  individual  block 
comparativel}'  uniform — blocks  have  generallv  been  elevated  or 
depressed  as  a  whole,  not  tilted  differentially.  In  the  small  triangular 
area  about  Rattlesnake  Hill,  however,  and  especiall}'  in  the  portion 
of  that  area  in  which  the  "Triangle"  is  located,  the  areal  relations 
indicate  that  faulting  of  an  extremely  complex  nature  has  occurred. 
Mere  uplift  or  downthrow  of  orographic  blocks  would  not  seem  to  be 


Fig.  35.— Diagram  to  illustrate  cruseeutiu  offsetting  of  outcrops  due  to  progressive  decrease  in  width 
of  orographic  blocks. 

competent  to  explain  these  relations.  It  is  necessary  to  as.sume,  I 
think,  that  in  this  area  at  least  there  has  been  a  considerable  tilting  of 
the  orographic  blocks  due  to  differential  upthrow  or  downthrow.  The 
course  of  the  bed  of  anterior  basalt  would  alone  seem  to  require  such 
an  explanation.  An  attempt  to  set  forth  the  supposed  structure  at 
this  locality  is  made  in  fig.  30.  The  course  of  the  two  bands  of  ante- 
rior basalt  near  the  right  and  rear  of  the  block  figured  expresses  the 
prevailing  strike  of  the  sedimentary  rocks  of  the  district.  The  broken 
belt  of  the  same  rock  which  extends  diagonall}-  across  the  figure,  it  is 
inferred,  has  been  tilted  about  an  axis  nearly  horizontal  and  nearly 
normal  to  its  original  strike,  depression  having  occurred  on  the  southern 
and  elevation  on  the  northern  side  of  this  axis. 

If  such  a  differential  throw  occui-red  along  vertical  walls  it  must 
involve  a  considerable  amount  of  complex  minor  faulting  and  crushing 
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near  the  important  dislocations.  While  there  is  in  this  vicinity  a  lack 
of  evidence  that  any  considerable  proportion  of  the  fault  planes  stand 
vertical,  there  is  no  lack  of  evidence  of  the  minor  faulting-  and  crush- 
ing. In  the  brook  near  the  spring  house  the  different  mem])ers  of  the 
Newark  series  have  been  infaulted  in  a  manner  which  can  be  best  illus- 
trated b}'  the  arrangement  of  the  parts  in  a  Chinese  puzzle.  The  apex 
of  a  triangular  block  of  shale  infaulted  in  basalt  is  exposed  in  the  bed 
of  the  lirook.  Following  the  northern  side  of  this  shale  triangle  across 
the  road  and  digging  to  expose  the  contact,  the  shale  is  found  crushed 
into  a  luunber  of  }>locks,  the  principal  dimensions  of  which  var\'  from 


Fig.  36.— Diagram  to  illustrate  the  inferred  structure  in  the  vicinity  of  the  "Triangle."  Arkose 
conglomerate  is  represented  bylinesand  ellipses,  anterior  basalt  by  the  black  areas,  anterior  shale 
by  parallel  lines,  and  main  basalt  by  cross-hachure  areas.  The  finer  hachuring  (and  hence  the 
deeper  shade)  corresponds  to  the  higher  blocks  of  the  basalt.  The  area  of  the  "Triangle"  is 
shown  by  stippling. 

a  foot  to  a  yard.  The  "Triangle'"  itself  also  bears  testimony  to  the 
fact  that  the  dislocations  in  its  Aicinit\'  have  been  of  a  very  complex 
nature. 

SECTION  4— THE   FAULT    SYSTEM    OF    THE    POMPERAUG    VALLEY. 
APPLICATION    OF   PRINCIPLES. 


Bj'  an  application  of  the  principles  set  forth  in  section  1  more  than 
250  dislocations  have  been  mapped,  and  from  the  nature  of  things  there 
must  be  a  large  number  of  such  dislocations  which  have  not  been  dis- 
covered. As  regards  their  direction,  these  faults  fall  into  no  fewer  than 
eleven  series  of  parallel  or  nearly  pai-allel  dislocations,  five-sixths  of 
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the  entire  number  of  dislocations  belonging,  however,  in  five  series, 
representatives  of  four  of  which  are  to  be  found  almost  throughout  the 
area  of  the  basin. 

MEASUREMENT   OF   THE    STRIKE   OF   FAULTS. 

In  the  preliminary  study  of  the  Pomperaug  Basin  the  directions  of 
faults  were  estimated  as  nearly  as  possible  from  observations  at  indi- 
vidual exposures,  a  method  the  accuracy  of  which  would  depend  verj' 
naturally  upon  the  way  in  which  the  dislocation  had  been  revealed.  If 
by  a  long  cliff  face  or  b}-  a  long  rectilinear  boundary  of  exposures,  the 
result  might  well  be  correct  within  a  very  few  degrees;  but  if  based 
on  the  offsetting  of  outcrops  or  on  the  discover}'  of  a  band  of  reibungs- 
breccia,  onl}-  a  very  rough  approximation  to  correctness  would  be 
reached.  It  was  soon  learned,  however,  that  faults  observed  at  one 
locality  would  be  encountered  at  others,  owing  to  their  persistence 
across  the  basin,  or  at  least  so  far  as  outcrops  extend.  So  many  of 
the  observed  faults  were  thus  found  to  persist  that  on  the  maps  it  has 
been  assumed,  in  the  absence  of  evidence  to  the  contrarv,  that  eveiy 
fault  observed  at  one  localitv  persists  across  the  basin  or  across  the 
area  of  exposures. 

It  is  possible,  and  even  probable,  that  the  fault  encountered  at  one 
point  may  not  represent  absolutely  the  same  surface  as  that  encoun- 
tered at  another  and  located  on  the  maps  as  its  extension,  inasmuch 
as  observations  seem  to  show  that  the  major  displacements  are  each 
distributed  over  a  zone  of  near-lying  planes.  It  is  believed,  however, 
that  on  the  scale  of  the  map  the  errors  in  location  are  moderate  in 
amount.  Although  observations  of  direction  were  all  taken  with  a 
4-inch  dial  compass  corrected  to  the  meridian,  the  determinations  of 
fault  strikes  have  been  made  in  many  cases  independent  of  compass 
readings  through  the  location  upon  the  map  of  a  chain  of  points  along 
the  same  fault  plane  (as  defined  above).  While  the  precision  of  this 
method  is  great,  its  accuracy-  is  no  greater  than  the  map  upon  which 
it  is  based,  and  in  fact  it  is  somewhat  less,  due  to  errors  of  location. 
AVhile  not  desiring  to  ascribe  a  greater  degree  of  accuracy  to  the 
determinations  of  this  repoil  than  the  observations  upon  which  they 
are  based  would  warrant,  it  is  proper  to  say  that  the  delineation  of 
topographic  features  upon  the  atlas  sheets  here  employed  is  consid- 
erably ])etter  than  the  average  of  such  work,  and,  further,  that  the 
roads  and  the  topographic  breaks  of  sufficient  relief  to  appear  upon 
the  map  furnish  numerous  readily  accessil)le  1)ascs  from  Avhich  to 
make  location  of  most  of  those  points  where  the  structure  ean  be  })est 
interpreted. 

The  strikes  of  the  four  series  of  faults  which  are  found  throughout 
the  area  of  the  valley  have  probably  been  determined  within  a  limit 
of  (MTor  of  about  2^.  whereas  some  of  the  less  common  series  occurring 
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in  the  southern  part  of  the  basin  can  hardly-  be  assumed  to  be  correct 
within  double  that  number  of  degrees. 

The  extension  of  faults  across  the  basin  or  across  the  area  of  out- 
crops is  inference,  biised  on  the  general  observation  that  a  considerable 
number  clearly  do  persist,  and  on  the  supposition  that  the  area  has  been 
dislocated  as  the  result  of  a  strained  condition  to  which  it  has  been  as 
a  whole  subjected  and  from  which  it  has  been  released.  To  indicate 
that  the  extensions  have  been  based  on  inferences,  the  faults  are  through- 
out represented  upon  the  map  by  dotted  lines.  Ample  justification 
for  the  extension  of  observed  faults  seems,  in  a  large  number  of  cases, 
to  be  afforded  by  the  coincidence  of  the  extended  faults  with  topo- 
graphic breaks  and  with  the  courses  of  the  important  drainage  lines. 

The  four  principal  series  of  dislocations  having  representatives 
throughout  the  area  of  the  basin  and  a  iifth  having  a  rather  wide  dis- 
tribution have  been  determined  to  strike  as  follows:  N.  ±  .^i^  E., 
N.  ±  5^  W.,  X.  ±  34'^  W.,  N.  ±  15°  E.,  N.  ±  9(P  E.  A  sixth  series, 
found  only  in  the  southern  portion  of  the  basin  (the  Pine  Hill  district), 
but  there  the  prevailing  one,  strikes  in  the  direction  N.  ±  33°  E.  The 
other  five  series  which  have  been  observed  are  practically  restricted  in 
their  occurrence  to  a  narrow  triangular  area  in  the  vicinit}'  of  Rattle- 
snake Hill,  and  only  a  few  representatives  of  each  have  been  made 
out.  For  this  reason  their  strikes  have  been  less  accurately  determined. 
There  are,  of  course,  special  localities  where  strike  directions  may  be 
fixed  to  better  ad\antage  than  elsewhere,  and  in  view  of  their  value 
in  indicating  the  structure  of  the  basin  a  few  well-marked  localities 
for  each  series  will  be  described  as  briefly  as  possible. 

NOTATION    OF   FAULTS. 

In  order  that  the  faults  of  the  Pomperaug  Basin  system  may  be 
intelligently  discussed  it  is  necessar}^  that  some  notation  be  adopted 
for  each  series  composing  the  SA'stem,  so  that  an  individual  fault  may 
be  referred  to  b\'  symbol  and  quickly  found  upon  the  map.  The  nota- 
tion adopted  makes  use  of  a  particular  numeration  for  each  system. 
It  is  simplified  by  counting  in  each  series  only  important  faults,  which 
are  located  at  nearly  regular  intervals,  the  reference  to  intermediate 
dislocations  being  made  b}'  use  of  the  symbol  of  the  last  faults  thus 
favored,  after  which  is  placed  a  small  arable  numeral  to  indicate  which 
one  of  the  intermediate  faults  is  referred  to.  This  method  will  be 
clear  from  the  scheme  of  PI.  IX  and  from  the  following  explanation: 

A,  B,  C,  etc.,  are  faults  trending  N.±54°  E. 
1,  2,  :^,  etc.,  are  faults  trending  N.±5°  W. 
a,  b,  f,  etc.,  are  faults  trending  N.d=34°  W. 
I,  II.,  Ill,  etc.,  are  faults  trending  N.±15°  E. 
^,  ^,^,  etc. ,  are  faults  trending  N.  ±  90°  W. 
«,  ft,  r,  etc.,  are  faults  trending  N.d=3.3°  E. 
a,  b,  r,  etc.,  are  faults  trending  N.=b61°  W. 
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To  illustrate  the  use  of  this  scheme,  the  fault  which  forms  the 
southwestern  wall  of  the  Hotchkissville  Valley  is  in  the  series  trending 
N.it3-i°  W.  and  is  the  third  in  the  diagram  to  the  west  of  the  one 
designated  b,  hence  it  is  referred  to  as  1^3. 

DETERMINATION    OF   THE    PRINCIPAL   SERIES. 


Tim  N. 


^i^  E. 


-The  strike  of  this  series  may  perhaps  be 


best  determined  by  the  fault  (F)  which,  beginning  with  the  cliff  in  the 
basin  wall  (Squaw  Rock),  can  be  followed  in  the  band  of  reibungs- 
breccia  uncovered  near  the  Oliver  Mitchell  spring  and  in  the  noi-thern 
boundary  of  the  areas  of  the  main  basalt  lying  both  to  the  west 
and  to  the  east  of  Red  Spring.  Another  fault  of  this  series  which 
affords  some  opportunity  for  accurate  measurement  is  that  bounding 
the  exposures  of  South  Orenaug  Hill  upon  the  south  and  continuing 
to  the  dam  at  Pompe- 

raug  village  (D).     A  ,    '\ 

third  and  well-marked 
fault  (Dg)  forms  a 
series  of  low  scarps 
which  are  the  north- 
western boundary  of 
the  basalt  in  the  south- 
ern portion  of  the 
Ragland  district  (tig. 
37). 

The  X.  ±  J°  11: 
series.  —  This  series 
may  be  easily  deter- 
mined from  the  cliff  of 
East  Hill  and  its  con-  j 
tinuation  to  the  south- 
ward, from  the  long  cliff  of  gneiss  which  extends  along  the  western 
border  of  the  basin  for  a  distance  of  nearly  a  mile  in  about  the  lati- 
tude of  Pomperaug  village  (9j),  or  from  the  intermontane  valley  of 
Orenaug  Hill,  where  one  may  walk  a  full  mile  along  cliffs  that  are 
interrupted  for  but  short  intervals  (see  map,  PI.  X). 

The  N.  ±  31^^  ^Y.  series. — A  very  good  opportunity  to  measure  the 
strike  of  this  series  is  afforded  l)y  one  of  the  scarps  (aj  which  arc  so 
prominent  on  the  eastern  slope  of  the  eastern  Orenaug  twin  (PI.  V, 
B).  Other  excellent  opportunities  are  afforded  ])y  the  Ijoundarie.s  of 
exposures  which  line  the  Hotchkissville  Valley  on  the  northeast  ())) 
and  southwest  (bg),  and  by  the  fault  (n)  which  is  indicated  in  a  line 
of  low  cliffs  following  the  right  bank  of  the  brook  entering  Transyl- 
vania Brook  frt)m  the  west  a  short  distance  below  the  cascade. 

The  X.  ±  i.jo  E.  Series. — The  direction  of  this  series  of  faults  may 
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be  determined  from  the  southeastern  margins  of  the  exposures  in  both 
twins  of  Orenaug  Hill  (I,  II),  by  the  cliff  bounding  the  eastern  Ragland 
Ridge  on  the  west  (II3),  or  In'  the  western  boundary  of  the  exposures 
in  the  western  ridge  of  the  same  district  (IV). 

Tlie  N.  ±  90'^  E.  series. — This  series  has  been  determined  with  less 
accurac}'  than  most  others,  its  direction  being  measured  from  a  num- 
ber of  cliff  faces  which  are  each  a  rod  or  less  in  length.  These  faces 
seem  to  be  subordinate  to  those  formed  b}'  the  faults  of  the  four  most 
prevalent  series.     At  each  fault  of  this  series  which  has  been  indicated 

upon  the  map,  some  cliff' 
trending  roughly  east  and 
west  has  been  observed.  That 
the  direction  given  is  approx- 
imately correct  may  be  indi- 
cated l)y  the  fact  that  in  some 
instances  lines  continuing  in 
this  direction  from  a  point  of 
observation  correspond  with 
topographic  or  geologic 
breaks,  but  this  may  be  for- 
tuitous. Thus  the  fault  (F) 
which  marks  the  southern 
extension  of  East  Hill  corre- 
sponds farther  west  Avith  the 
northern  limit  of  the  expo- 
sures of  South  Britain  con- 
glomerate and  with  the  gneiss 
scarp  north  of  Spruce  Brook 
in  the  western  wall  of  the 
basin.  On  the  eastward,  too, 
its  extension  passes  through 
the  oil  well,  where  is  the 
only  exposure  of  shale  on  the 
east  of  the  basalt  ridges. 
Similarly  the  parallel  fault 
(G2),  starting  from  the  scai'p 
of  Squaw  Rock  in  the  western  basin  wall,  corresponds  with  the 
boundaries  of  exposures  in  the  area  to  the  east  of  South  Britain. 

Tlic  X.  ±  33°  E.  series. — It  is  this  series  of  faults  which  has  ))rought 
about  the  crescentic  arrangement  of  outcrops  on  the  southwest  flank 
of  Pine  Hill.  The  direction  of  the  series  is  obtained  easih'  and  with 
considerable  accuracy  from  the  fault  {S)  which  forms  an  extended 
cliff'  of  gneiss  southeast  of  Horse  Hill,  a  cliff  in  places  40  or  more  feet 
in  height.     The  strike  of  this  cliff  extended  northeasterly  (see  fig.  38) 


Fig.  38.— Sketch  map  to  show  the  course  of  the  ma-ster 
fault  (X.  33°  E.)  which  bound.s  Horse  and  Pine 
hills  upon  the  southeast,  bb,  areas  of  basalt;  g, 
gneiss  of  Horse  Hill;  broken  line,  ff,  course  of  the 
fa\ilt. 
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corresponds  closely  with  the  southern  margin  of  the  basalt  exposures 
of  Pine  Hill  (whose  direction  has  fixed  that  of  the  highwa)^)  and  with 
the  low  cliffs  of  the  same  rock  l3ang  to  the  south  of  the  Pomperaug 
River  and  northwest  of  the  railway  station.  These  latter  cliff's  mark 
the  northwesterly  limit  of  basalt  in  the  vicinity  as  sharply  as  do  those 
of  Pine  Hill  the  southeasterh'  limit  in  their  vicinity. 

THK    FAULT    WALLS    BOUNDING    THE    BASIN. 

On  the  map  (PI.  1)  have  been  entered  the  exposures  of  granite  and 
gneiss  which  lie  nearest  to  the  basin  of  Newark  rocks.  On  the  north 
and  west  of  the  basin  these  exposures  form  an  almost  continuous  wall 
of  rock  which  is  much  indented  and  which  generally  rises  sharply  from 
the  valley.  The  excellent  representation  of  the  topography,  particu- 
larly in  the  northern  wall,  has  made  the  location  of  the  principal  faults 
of  the  margin  of  the  basin  a  comparatively  easy  task. 

West  of  Woodbury  the  gneiss  wall  rises  directly  out  of  the  plain, 
but  the  rocks  are  ex- 
posed for  only  a  short 
distance  from  the  mar- 
gin. The  slope,  how- 
ever, continues  to  as- 
cend gradually,  until 
after  more  than  a  mile  j 

of      covered    ground     a  fig.  39.— Profile  (laealized)  of  the  eastern  basin  wiill. 

second  wall  of  gneiss 

rises  like  the  inner  defenses  of  a  fortification.     A  somewhat  similar 

but  much  less  marked  double  wall  is  found  west  of  Bates  Hill. 

At  only  one  point  do  the  exposures  of  schist  and  gneiss  cross  the 
valley  surrounding  the  l)asalt  ridges.  West  of  Bates  Rock  the  crystal- 
lines throw  an  arm  across  the  ^■alley  and  well  up  upon  the  flanks  of  the 
Bates  Rock  ridge.  Transylvania  Brook,  which  here  occupies  the  val- 
ley, falls  over  this  schist  in  a  series  of  low  cascades,  the  entire  fall  of 
which  is  about  60  feet.  As  will  be  pointed  out  in  the  following  section, 
this  block  of  schist  is  responsible  for  important  modifications  in  the 
drainage  history  of  the  basin. 

In  contrast  with  the  western  wall  of  the  basin,  the  eastern  wall  is 
formed  by  gentle  slopes,  although  these  meet  the  alluvial  plain  of  the 
eastern  valley  in  a  line  marked  ])y  straight  stretches  of  considerable 
length.  Except  in  a  narrow  zone  east  of  OrtMiaug  Hill  the  granite 
and  gneiss  exposures  do  not  approach  the  valley  bottom,  but  are  first 
encountered  at  distances  of  a  half  mile  to  a  mile  up  the  slope.  Near 
where  they  begin  the  slope  generally  assumes  a  steeper  gradient;  and 
no  observant  person  who  ascends  this  wall  of  the  valley  can  fail  to  note 
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that  after  the  first  rise  there  is  a  nearh'  level  plain  or  bench  a  quarter 
to  a  half  mile  or  more  in  width,  which  extends  to  the  next  rise,  begin- 
ning with  the  outcrops  of  the  crystallines.  An  idealized  profile  which 
fairly  represents  these  topographic  breaks  in  the  eastern  wall  of  the  basin 
is  given  in  fig.  30.  By  mapping  a  series  of  the  nearest  exposures,  as 
has  been  done  upon  the  map,  they  are  found  to  be  arranged  en  echelon 
in  a  series  of  ranks,  which,  as  one  goes  northward,  appear  to  retreat 
from  the  basin  in  i-ogular  fashion,  so  as  to  give  the  gneiss  area  a  serrated 
margin  Avith  but  few  indentations. 

The  contrast  between  the  rounded  contours  of  the  eastern  and  south- 
ern walls  and  the  bold  clifl's  of  the  western  and  northern  walls  finds 
its  explanation  in  ice  movement  during  the  Glacial  period.  Glacial 
scratches  in  the  A'icinity  show  that  the  ice  here  moved  in  a  direction 
averaging  about  S.  30^  E.,  hence  it  overrode  the  northwestern  margin 
of  the  basin  so  as  to  abrade  the  higher  points  of  the  southeastern  mar- 
gin at  the  same  time  that  it  filled  depressions,  thus  greatly  reducing 
the  inequalities  of  surface. 

SECTION  5.— THE  OROGRAPHIC  BLOCKS. 
THK    FAULT   INTERVALS. 

The  map  (PI.  I)  reveals  a  marked  tendency  to  a  regular  spacing  of 
the  faults  of  each  series,  though  this  tendency  is  less  marked  in  those 
sei'ies  composing  the  second  group — the  faults  observed  in  the  vicinity 
of  Rattlesnake  Hill  near  South  Britain.  If  we  consider  the  total 
number  of  faults  in  any  series,  as,  for  example,  the  N.  ±  15°  E.  series, 
we  find  that  the  interval  is  remarkabh^  uniform,  or  if  one  interval 
greatly  exceeds  the  average  interval,  it  is  by  so  large  an  amount  as  to 
suggest  that  it  is  the  equivalent  of  two  or  three  normal  intervals,  and 
that  intervening  faults  exist  which  for  some  reason  have  not  been 
discovered. 

If,  now,  we  couipare  the  fault  intervals  of  each  of  the  four  principal 
series  we  discover  that,  within  any  given  series,  they  also  in  a  remark- 
able degree  approximate  to  uniformity.  The  N.  ±  33°  E.  series, 
restricted  to  the  southern  portion  of  the  area,  has  a  smaller  fault 
interval,  but  one  which  is  approximately  uniform.  It  is  not  Ijelieved, 
however,  that  the  faults  represented  upon  the  map  are  the  only  ones 
which  exist  in  each  series.  They  are  faults  of  an  order  large  enough 
to  be  discovered  over  the  greater  part  of  the  territory  by  a  survey 
carried  out  in  the  manner  here  described.  In  parts  of  the  basin  where 
the  conditions  for  observation  are  most  favorable,  as,  for  example,  the 
Orenaug  Hill  district,  faults  of  a  lower  order  (with  a  smaller  interval 
and  correspondingly  smaller  throw)  have  been  studied. 


PLATE   X. 


platp:  X. 

GKOLOCK-AL   MAI'   OF   OKKNAUO    HILL. 

The  plan  of  construction  of  this  maj)  is  the  same  as  that  of  Pis.  I  and  VIII,  the 
dotted  lines  showing  the  inferred  position  of  faults  (locally  joints)  and  the  tints  of 
color  the  inferred  relative  altitudes  of  orographic  ])locks.  The  deepest  shade  of  each 
color  indicates  the  positions  of  actual  exposures,  and  in  the  hasalt  elevated  exposures, 
since  there  are  iaoine  low-lying  exposures  included  in  the  area  shown  upon  the  map 
by  the  medium  tint  <>f  that  formation. 
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THE   UNIT   BLOCKS   OF   ORENAUO   HILL. 

The  first  incontrovertible  evidence  of  the  presence  of  faults  within 
the  area  of  the  basin  was  obtained  from  the  vicinity  of  South  Britain, 
where  the  presence  of  several  members  of  the  Newark  series  afforded 
exceptional  advantages  for  observation.  In  the  Orenaug  district  near 
Woodbury  village,  which  was  next  studied,  the  conditions  were  quite 
different,  but  Avith  the  knowledge  already  acquired  perhaps  not  more 
difficult.  The  Orenaug  district  consists  of  twin  hills  and  a  southern 
outlier,  which  I  have  called  the  South  Orenaug  Hill.  These  hills  are 
composed  of  basalt,  and  have  roughly  rhombic  boundaries.  They  are 
flanked  upon  the  north  b}"  a  few  exposures  of  South  Britain  conglom- 
erate, which  does  not,  however,  meet  the  basalt  at  the  surface.  The 
basalt  belongs  to  the  upper  layer  of  the  main  basalt  sheet.  Separating 
the  twins  and  cutting  the  South  Hill  in  two  is  an  intermontane  valle}', 
trending  N.  ±  5'-'  W.,  and  for  a  portion  of  its  length  a  narrow  canyon. 
The  hard  rock  of  the  hills  not  onl}^  rises  in  steep  cliffs  sometimes  30  or 
40  feet  high  at  the  margins  of  its  exposures,  but  within  these  margins 
it  is  divided  by  bold  scarps  into  blocks  which  stand  at  different  altitudes 
and  present  a  surface  more  like  that  of  a  jam  of  floating  ice  cakes  than 
anything  else  with  which  I  am  familiar.     (See  map,  PI.  X,  and  PI.  XL) 

Though  on  a  scale  greatly  inferior,  the  structure  of  these  hills  recalls 
the  descriptions  by  Russell  of  the  faulted  lava  blocks  of  southern  Ore- 
gon.    Speaking  of  the  region  of  the  Warner  Lakes,  he  says:^ 

In  this  narrow  zone  the  orographic  blocks  of  dark  volcanic  rock  are  literally  tossed 
about  like  the  cakes  in  an  ice  floe,  their  upturned  edges  forming  bold  palisades  that 
render  the  region  all  but  impassable. 

In  crossing  the  west  twin  of  Orenaug  Hill  in  a  direction  from  west 
to  east,  one  encounters  clifi's  nearly  at  right  angles  to  the  course  which 
are  too  steep  to  be  scaled.  From  the  top  of  these  cliffs  the  rock  surface, 
with  its  thin  layer  of  mold,  inclines  gently  to  the  eastward  to  the  foot 
of  a  similar  cliff,  to  which  succeeds  a  gently  sloping  summit  and  a  new 
cliff,  as  before.  Approaching  the  eastern  margin,  clifls  appear  upon 
the  cast,  and  these  soon  become  the  most  important  ones.  If  next  a 
start  be  made  at  the  northernmost  point  of  the  basalt  in  the  same  hill, 
where  it  terminates  in  a  sharp  i)r()w  1)etween  steep  cliffs  on  both  the 
east  and  west  (shown  in  PI.  XI),  and  a  course  be  taken  southward 
through  the  intermontane  valley,  the  nearly  vertical  eastern  cliff  face, 
which  trends  S.  ±5°E.,  can  be  followed  on  the  right  over  a  quarter  of 
a  mile,  for  a  portion  of  the  distance  in  a  narrow  canyon.  After  emer- 
ging from  the  canyon  the  cliff  recedes  on  the  right,  but  its  direction  is 
continued  in  a  cliff  on  the  left.     After  crossing  the  highway  the  path 

'  A  geological  reconnaissance  in  southern  Oregon,  by  I.  C.  Russell:  Fourth  Ann.  Rept.  U.  S.  Geol. 
Survey,  1884,  p.  445. 
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again  enters  a  narrow  canyon  in  the  South  Orenaug  Hill  between  par- 
allel flitfs  to  the  east  and  Avest.  For  the  greater  part  of  the  distance 
that  this  fault  is  thus  followed,  the  cliffs  are  seen  to  be  broken  across 
by  faults  (N.  d=54^  E.)  ti-ansverse  to  the  one  which  is  being  followed 
(N.  ±5°  W.).  At  such  points,  which-  occur  Avith  great  regularity  at 
distances  of  about  100  paces  (about  300  feet),  the  clifl',  which  has  ))ecn 
dwindling  rapidly  in  altitude,  rises  again  to  near  its  former  height, 
from  which  it  again  falls  away  before  the  next  cross  fault  is  reached. 
It  is  also  noted  that  alternate  faults  exhibit  a  larger  throw,  determined 
by  the  difference  in  cliff  altitudes,  and  that  minor  faults  are  generally 
to  be  observed  at  50-pace  int(M-vals  (see  PI.  XI).  Where  the  path 
enters  the  canyon  between  the  Twin  Hills  the  same  structure  is  dis- 
played in  the  cliff  facing  west,  but  it  is  here  noted  that  when  the  cliff 
is  high  on  the  west  it  is  frecjuentl}'  low  on  the  east,  and  vice  versa — in 
other  words,  there  is  a  tendency  for  the  orographic  blocks  to  be 
upthrown  in  alternate  order,  corresponding  to  the  black  and  white 
squares  in  a  checkerboard.  This  is  certainly  more  than  a  local  feature, 
for  it  can  be  observed  in  the  main  western  cliff  of  the  same  hill,  and 
elsewhere,  and  the  Park  drive,  which  ascends  the  west  twin  by  a  very 
uniform  grade  from  the  low  southern  end,  does  so  by  keeping  north 
on  the  edge  of  one  block  until  its  northern  end  is  reached,  then  turn- 
ing sharply  across  a  fault  to  the  block  diagonall}'  to  the  left,  and  after 
foUowmg  this  to  its  end,  utilizing  the  block  diagonally  to  the  right, 
and  so  on  (see  traverse  of  this  drive  on  the  map,  PI.  XI). 

SHAPE   AND   SIZE    OF   THE   OROGRAPHIC   BLOCKS. 

The  width  of  the  individual  orographic  blocks  in  the  west  twin  of 
Orenaug  Hill  was  determined  by  pacing  the  width  of  the  gently 
sloping  summits  from  cliff  to  cliff.  The  average  of  a  number  of 
measurements,  which  were  in  close  agreement,  gave  43  paces,  or  about 
129  feet.  As  these  measurements  are  made  at  right  angles  to  the  long 
side  of  the  block  (N.  ±  5^  W.),  the  distance  along  the  shorter  side 
(N.  ±  54°  E.)  would  be  almost  exactly  50  paces,  or  150  feet.  Confirma- 
tions of  these  values  and  of  the  fault  directions  are  obtained  by  trav- 
ersing the  cliffs  which  form  the  margin  of  this  and  the  eastern  hills, 
as  well  as  by  measuring  the  peculiar  pedestal-like  blocks  upthrown  in 
the  area  of  Cannon  Hill.  The  orographic  blocks  within  this  district 
are  thus  found  to  be  rhomboidal  prisms  formed  of  two  rhombic  prisms 
in  contact  along  one  of  their  vertical  faces.  They  measure  ±  300  feet 
along  the  longer  side  and  ±150  feet  along  the  shorter  side.  The  dis- 
locations of  a  lower  order  which  were  frequently  observed  at  50-pace 
intervals  in  the  cliffs  of  the  intermontane  valley  would  indicate  that 
the  area  is  really  broken  into  rhombic  prisms,  and  that  the  rhom- 
boidal prisms  formed  by  faults  of  the  same  order  of  displacement  are 
double  rhombic  blocks.     Such  rhomboidal  blocks  may  be  designated 
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tho  unit  l)locks  of  the  district,  althougli  it  must  not  hv  assumed  that 
the}'  are  the  smallest  of  their  kind. 

The.  dislocations  which  trend  N.±o'^  W.  and  N.±o-i-  E.  seem 
therefore  to  be  here  the  predominant  ones,  not  only  in  number  l>ut  in 
throw,  and  therefore  the  ones  which  determine  the  shape  and  size  of 
the  unit  orographic  blocks.  With  them,  however,  occur  dislocations 
trending  N.±34°  W.  and  N.dzl5°  E.,  and  in  a  few  instances  also 
faults  have  been  observed  which  bear  N.  ±  90°  E. ,  and  one  N.  ±  65°  W. 
Careful  search  on  a  cliff  angle  formed  at  the  junction  of  faults  of  the 
two  prevailing  series  of  this  district  will  generally  reveal  one  or  the 
other  of  the  two  remaining  and  prevalent  series  of  faults  by  a  1)evel- 
ment  of  the  angle  for  a  short  distance  or  by  a  division  of  it.  For 
considerable  distances,  however,  as  will  be  seen  by  an  examination  of 
the  map,  the  N.±15°  E.  series,  and  less  frequently  the  N.db3-J:°  W. 
series,  forms  the  boundary  wall  of  the  hills. 

OTHER   QUADRANGULAK    BLOCKS. 

The  unit  blocks  which  have  served  as  a  basis  for  measurements  in 
the  Orenaug  district  are  bounded  by  faults  of  the  N.  ±  54°  E.  and 
N.zfc:^5°W.  series,  the  series  which  control  the  major  blocks  of  the 
basin.  This  is  doubtless  due  to  the  fact  that  the  throw  has  more  fre- 
quently been  the  greatest  along  these  planes.  Elsewhere  in  the  basin, 
however,  the  throw  has  locally  bpen  more  marked  along  individual 
faults  of  other  series,  and  in  such  areas  unit  blocks  of  a  different  sort 
have  been  formed.  Two  striking  illustrations  of  this  are  afforded  l)y 
areas  of  granite,  the  one  cast  of  the  main  village  street  of  Hotchkiss- 
ville,  the  other  on  the  southern  margin  of  the  island  of  granite  due 
west  of  Woodbury  village. 

In  the  tirst-mentioned  locality  th(^,  faults  which  determine  the 
boundaries  trend  N.  dz  3+  W.  and  N.  d=  64^  E.,  and  the  nearly 
rectangular  blocks  produced  cliecker  the  slope  east  of  the  principal 
street  in  the  vicinity  of  and  also  some  distance  north  of  the  knife 
works.  A  locality  beside  the  road  is  represented  in  PI.  XII.  where 
blocks  roughly  measured  were  50  paces  (150  feet)  long  and  23  paces 
(09  feet)  in  width.  In  the  foreground  of  this  view  is  a  l)lock  of  the 
granite  rising  but  a  few  feet  above  the  general  level.  Beyond  this 
block  is  a  recessed  area,  occui)ied  by  ramshackle  farm  buildings  (not 
shown  in  the  plate),  which  marks  the  position  of  a  depressed  block  of 
the  same  kind.  Beyond  this  downthrown  l)lock  are  seen  two  upthrown 
blocks  in  line  with  those  just  described.  There  is  found  at  this  locality 
a  series  of  nearly  rectangular  blocks,  four  l)locks  in  length  and  three  in 
width,  with  indications  of  others  in  the  woods  farther  up  the  slope.  It 
should  be  noted  that  these  nearly  rectangular  blocks  are  only  a  little 
more  than  twice  as  long  as  wide,  and  th(\v  show  indications  of  sepai'a- 
tion  into  shorter,  nearly  square  blocks,  the  projjortion  of  whose  sides 
21  C.KOL,  I'T  3 — 01 S 
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would  be  approximately  23  :  25.  In  the  northwestern  part  of  the  basin 
(see  PI.  1)  the  observed  faults  of  the  same  two  series  (N.±3J:^  W.  and 
N.±  5i^  E.)  produce  blocks  which  are  likewise  nearly  square,  the 
average  of  measurements  deduced  from  the  map  being  480  feet  in 
length  and  406  feet  in  Ijreadth.  This  would  correspond  to  a  ratio  of 
about  22  :  26.  The  diagonals  of  the  unit  l)locks  of  Orcnaug  Hill  would 
produce  blocks  of  this  shape,  the  projxirtions  of  whose  sides  would  be 
21 :  24,  so  that  there  is  a  rather  close  correspondence  in  shape  between 
the  unit  blocks  of  the  Hotchkissville  region,  the  larger  bkx'ks  here 
described,  and  smaller  blocks  indicated  in  the  Orenaug  region.  The 
regularity  of  these  blocks  in  the  northwestern  part  of  the  region  is 
well  brought  out  b}'  the  basalt  exposures  in  Ragland  (see  fig.  37, 
which  is  drawn  to  scale). 

At  the  other  locality  mentioned  (west  of  Woodbur}^  village)  the 
blocks  are  likewise  of  granite,  but  are  bounded  by  faults  on  but  three 
sides,  the  faults  trending  N.±15°  E. 
f       f       f      f  andN.±61MV.     They  occur  on  the 

I        <        ;        1  southeast    l)order  of    the    island  of 

'i        I        1        I  granite    and    ai'e   three   in    number. 

Their    l)readth    was    roughly   deter- 
mined as  40  paces  (120  feet)  along 
i        ;        ;        ;  the  N.zb  61^  W.  l)Oundary;  but  their 

Fig.  40.— Section  of  unit  blocks  in  granite      Icilgtll  along  thc  N.  zfc  15^  E.  boundai'V 

>vcst  of  the  wo<xjbur.v  plain.  The  princi-    ^.^^^j^j  ^^^j  ^^  determined.     Thev  havc 

pill  fault  soarps  trend  N.±15°  K.    Out-  _  •  i         • 

crops  near  are  also  loeally  bounded  by  their  long   sidcS    in    COtltilCt  with  Ulli- 

faults  trending  N.±  .>»o  E..  N.±  61°  W..  j^^^.^^^  upthrOW  of  about  15  fcct  in  the 
and  N .  ±  90°  \V .  » 

northwestern  limb.  This,  and  the  dip 
of  their  upper  surface  (about  15  westward)  have  produced  a  serrated 
profile  (see  fig.  40). 

I'OLYCONAL   HLOCKS. 

The  prevalence  of  (juadrangular  blocks  rather  than  those  having  a 
larger  numl^er  of  sides  is  doubtless  explained  by  the  regularity  in 
spacing  in  the  system  of  faults  within  any  given  district.  Some  occur- 
rences of  polygonal  blocks  of  a  larger  number  of  sides  have,  however, 
been  noted.  Perhaps  the  best  illustration  is  the  well-named  Castle 
Rock,  an  octagonal  prism  compo.sed  of  dense  basalt  which  retirs  its 
sturdy  form  to  the  northwest  of  Pomperaug  village  (fig.  41).  On  the 
northern  side  of  this  block  there  is  a  sheer  clifi'  nearly  100  feet  in 
height,  the  highest  that  has  been  observed  within  the  area  of  the  basin. 

<;K0UPING   OF   OROGRAPHIC   BLOCKS   INTO   COMPOSITE    BLOCKS. 

While  all  orographic  blocks  have  in  some  degree  been  either  elevated 
or  (lepiessod  with  reference  to  all  of  their  neighbors  of  the  same  order, 
yet,  since  the  amount  of  the  vertical  displacement  is  difierent  along 
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Ill 


different  fault  planes  of  the  same  series,  with  larger  throws  at  regular 
intervals,  it  follows  that  blocks  Avill  group  themselves  into  composite 
bloclcs  of  a  higher  order.  Such  composite  blocks  will  generall}'  he 
outlined  upon  the  map,  either  geologicall}'  by  the  boundaries  of  expo- 
sures of  a  given  formation  or  in  the  elevated  boundaries  of  a  vor}' 
resistant  formation,  or  topographicall}'  b}-  sudden  changes  in  the 
profiles  of  ph3'siographic  features.  These  composite  blocks  nvdy  be  of 
seA'eral  orders,  some  of  the  larger  in  the  Pomperaug  Vallc}'  lieing 
indicated  in  the  serrated  eastern  boundar3^  These  latter  blocks  are 
bounded  l)y  faults  of  the  N.  zt  5-i^  E.  and  N.  ±  5°  W.  series,  which 
extend  practically  across  the  basin  in  their  projected  directions.  The}' 
therefore  divide  the  Pomperaug  Basin — a  convenient  division  for  refer- 
ence— into  the  Wood})ury 
plain,  Orenaug  Hill,  Hag- 
land,  East  Hill,  and  Pine 
Hill  blocks,  districts  each  of 
which  has  some  peculiarities 
of  structure  (PI.  IX),  but 
which,  as  is  to  be  expected 
from  their  composite  char- 
acter, are  not  perfectl}' 
regular  in  their  outlines. 
Composite  blocks  of  a  lower 
order  are  clearly  indicated 
within  the  Orenaug  Hill 
block  (PI.  X)  by  the  ele- 
vated basalt  areas  of  the 
west  twin,  east  twin,  and 
south  hill,  the  lower  area 
of  Cannon  Hill,  and  the 
lowest  triangular  area  bare 
of  outcrops  between  the 
three    Orenaug     hills.       In 

the  block  of  the  western  twin  the  southeastern  slope  has  an  average 
plane  surface,  which  is,  however,  marked  by  a  regular  grouping  of 
hummocks  produced  by  the  smaller  intermediate  faults.  The  inclina- 
tion of  this  hununocky  but  approximately  plane  surface  is  gently  to 
the.  southeast,  and  one  may  start  from  the  Pai'k  gate  to  climb  on  a 
nearly  even  slope  along  the  undulating  drive  to  the  high  northern 
points  of  the  ridge.  Toward  the  north,  however,  the  throws  become 
larger  and  the  unity  of  the  composite  block  is  less  apparent. 

The  eastern  twin  also,  which  is  nearly  treeless  in  its  southern  poi-- 
tion,  shows  its  unitv  as  a  composite  block  of  the  district  in  a  very 
striking  manner  (see  PI.  XllI). 

The  doul)le  basin  walls  which  haxc  b(H>n  mapped  west  of  the  Wood- 


FiG.  41.— Sketch  map  of  Castle  Rock,  near  Pomperaug  vil- 
lage. The  bounding  faults  trend  N.  ±  5°  W.  on  the 
west  and  east,  N.±90°  W.  on  the  north  and  south, 
N.±15°  E.  on  the  southeast,  N.±  34°  W.  on  the  north- 
cast  and  southwest,  and  N.  -ir  .t4°  E.  on  the  northwest. 
Southeast  of  the  hill,  ^vhi(■h  is  largely  wooded,  an 
open  slope  descends  in  a  series  of  steps  to  the  canal- 
like basin  of  the  Pomperaug  River.  While  the  direc- 
tions of  the  boundaries  have  been  taken,  their  lengths 
have  not  been  measured,  but  only  sketched. 
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bury  plain  clearly  indicate  that  between  them  lies  a  composite  block 
bounded  mainh'  by  N.±o4^  E.  and  N.±34:°  W.  faults,  and  occupy- 
ing an  altitude  intermediate  between  that  of  the  high  walls  of  schist 
and  gneiss  on  the  north  and  west  and  that  of  the  low-h'ing  sandstone 
to  the  east  and  south.  This  intermediate  position  adequately  explains 
its  mantle  Qi  drift,  which  has  left  only  the  eastern  and  southern  margins 
uncovei'ed.  A  stud}'  of  the  southern  margin  of  this  block  has  shown 
the  existence  there  of  composite  blocks  of  a  loAver  order,  an  observa- 
tion which  finds  confirmation  in  an  examination  of  the  topographic 
features  of  the  slope  alx)ve.  In  other  localities  which,  like  the  one 
just  described,  are  barren  of  outcrops,  the  ph\'siogniphic  features  yet 
allow  a  delimitjition  of  orograpliic  blocks  to  be  made  with  some  degree 
of  confidence  in  its  correctness.  The  parallelism  of  almast  straight 
lines  of  toiX)gi'aphic  continuity  with  the  l><)iindaries  of  exix)sures  or 
with  the  strikes  of  prevailing  fault  series  finds  a  pei-fectly  simple  and 
natural  explanation  if  ihoy  are  regarded  as  the  lx)undarie«  of  oro- 
graphic l)locks.  The  sharp  western  and  northern  boundaries  of  the 
Rjigland  Hill  are  interesting  fi'om  this  point  of  view.  Likewise 
tlie  sharp  rise  of  the  eastern  wall  of  the  basin  from  a  broken  line,  the 
straight  elements  of  which  are  strikingly  displayed  in  the  contour  lines 
of  the  tomographic  map,  finds  a  natural  explanation  in  the  termination 
at  that  margin  of  large  com^wsitc  orographic  blocks.  It  would  be 
easy  to  show  that  these  blocks,  and  others  to  be  noted,  have  influenced 
in  a  marked  degree  b}'  their  modifications  of  topographic  features  the 
courses  of  highway's  and  of  the  railroads  as  well. 

UELATIVK   ALTITUDKS   OF   OROGRAPHIC   BLOCKS. 

In  view  of  the  somewhat  novel  features  of  the  observations  within 
the  Pomperaug  Valley,  new  methods  of  coloring  have  been  introduced 
in  all  the  maps  which  accompany  this  report.  It  was  thought  desir- 
able to  indicate  so  far  as  possible  not  only  the  positions  of  the  observed 
dislocations,  but  also,  to  a  rough  approximation,  the  altitude  of  the 
orographic  blocks  which  they  have  conditioned.  In  order  so  far  as 
possil)le  to  differentiate  fact  and  theory,  a  definite  color  was  assigned 
to  each  member  of  the  Newark  series,  and  to  the  granite  and  gneiss  as 
well,  the  deepest  shade  of  each  color  being  reserved  for  actual  expo- 
sures. The  supposed  extension  of  each  formation  beneath  the  present 
surface  of  the  ground  has  been  indicated  by  a  tint  or  by  two  or  mpre 
tints  of  the  same  color.  If  more  than  one  tint  has  been  used  for  any 
formation,  the  darkest  one  (exclusive  of  that  reserved  for  exposures) 
is  intended  to  represent  b}'  its  extension  the  area  of  a  composite  oro- 
graphic block  which  stands  at  as  high  an  altitude  as  any  block  in  the 
district  the  cap  of  which  is  of  the  same  formation.  To  illustrate, 
areas  colored  in  the  deepest  tints  of  the  crystallines  (except  that 
reserved  for  actual  exposures)  represent  the  blocks  of  highest  altitude 
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within  the  area  of  the  map.  The  areas  ])earing  the  color  of  the  poste- 
rior shale  represent  the  l)locks  capped  l)y  posterior  shale,  which  arc  the 
lowest  of  ail,  because  capped  by  the  uppermost  formation  and  })ecause 
h'ing  lower  in  the  valley  than  any  except  those  cappetl  by  the  South 
Britain  conglomerate.  The  areas  colored  in  tints  corresponding  to 
intermediate  formations  represent,  by  their  order  from  the  posterior 
shales,  blocks  having  successively  increasing  altitude  up  to  the  darkest 
shade  assigned  to  the  crystallines.  The  total  difference  in  altitude 
represented  in  the  basin  is  about  800  feet  plus  the  thickness  of  the 
four  lower  members  of  the  Newark  series  (itl,200  feet)  and  the 
thickness  of  the  crystallines  which  has  been  removed  by  degradation. 
Generalization  and  inference  have  of  course  been  necessary  in  this 
representation,  but  inference  of  the  same  kind  that  is  ordinaril}^  used 
in  geological  mapping  to  determine  the  boundaries  of  formations,  and 
the  areas  colored  with  a  single  tint  represent  a  range  of  average  alti- 
tude of  composite  blocks  and  of  individual  unit  blocks;  but  it  is 
believed  that  the  general  order  of  altitude  has  been  fairly  represented. 

In  the  case  of  the  main  basalt  sheet,  whose  exposures  frequentl}' 
stand  above  the  general  level  in  such  a  manner  as  to  define  clearl}'  the 
areas  of  the  highest  blocks  which  are  capped  by  basalt,  it  has  been 
unnecessary  to  reserve  anj^  other  tint  for  the  actual  exposures.  Con- 
siderably lower  areas,  which  are  indicated  in  the  next  lighter  tint  of 
green,  may,  and  in  most  cases  do,  include  numerous  exposures  of 
basalt;  these,  however,  can  not  be  indicated  by  the  scheme  suggested. 
The  difficulty  is  not  a  very  serious  one,  since  the  basalt  areas  are 
easily  determined,  and  the  essential  continuity  of  the  horizon  may  be 
safeh'  predicated  from  the  characteristics  of  the  country.  The  larger 
rugged  areas  of  ))asalt,  such  as  those  of  Pine  Hill  and  central  Ragland, 
on  the  other  hand,  offer  great  difficulties  when  the  mapping  of  their 
dislocations  is  attempted,  l)ecause  accurate  location  is  here  possible 
only  by  elaborate  and  time-consuming  methods,  owing  to  the  jumble 
of  orographic  blocks  standing  at  slightly  different  altitudes,  and  to  the 
absence  of  any  near  determined  base  from  which  to  measure.  For 
this  reason  the  central  portion  of  Pine  Hill  has  ])een  left  uncolored 
upon  the  detailed  map  (PI.  VIII),  though  the  area  in  question  has  ))een 
examined  and  found  to  consist  of  l)asalt  throughout.  The  difficulty 
here  is  the  indicating  of  the  relative  altitudes  of  the  different  oro- 
graphic blocks  of  basalt.  Likewise,  onh'  the  larger  features  of  the 
north-centi-al  area  of  Ragland  have  been  entered  upon  the  map.  The 
name  of  this  district  calls  attention  to  the  striking  peculijirities 
presented  b}-  its  topography,  which  might  be  better  described,  how- 
ever, by  comparison  with  the  surface  of  floating  blocks  that  have 
been  closely  jamnu^d  together,  accompanied  by  slipping  upon  one 
another. 

The  vertical  displacements  along  tlH>  walls  of  individual  blocks,  as 
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has  already  been  pointed  out,  may  be  either  large  or  .small:  but  in  gen- 
eral they  may  be  said  to  be  ver\'  much  smaller  than  the  figures  which 
arc  usually  estimated.  Along  the  walls  of  the  unit  blocks  of  Orenaug 
Hill  they  are  in  most  cases  of  but  a  few  feet  (10  to  30  or  10).  Those 
represented  by  the  dislocations  bounding  the  hummock}'  areas  of  the 
same  hills  must  be  smaller  than  this,  and,  as  we  have  seen,  by  a  reduc- 
tion in  the  throw  these  faults  pass  into  joints. 

There  is  no  reason  to  expect  that,  because  a  particular  limb  of  a 
given  fault,  say  the  cjistern,  is  at  one  point  downthrowni.  this  lim>)  will 
be  downthrown  throughout  the  extent  of  the  dislocation.  It  may  be 
the  upthrown  limb  for  some  distsmce,  or  the  plane  of  rupture  ma\'  for 
considerable  distances  even  have  caused  no  appreciable  dislocation, 
the  blocks  on  either  side  standing  at  essentially  the  same  altitude. 
Thus  a  fault  might  appear  to  die  out  though  really  persistent.  It  is 
interesting  to  note,  however,  the  persistence  of  throws  of  a  given  kind, 
either  up  or  down,  in  any  limb  of  a  fault  whenever  this  throw  has 
been  considerable. 

MIXOK   FAULTS   AND   MINOR   lU.OCKS. 

The  orographic  blocks  whose  shape  and  size  were  the  basis  of  meas- 
urement in  the  Oronaug  district  were  designated  the  unit  blocks  of 
that  district,  because  they  were  the  smallest  blocks  which  could  be  con- 
veniently examined  in  that  wa}'.  But  while  these  blocks  are  units 
only  in  the  sense  that  they  are  the  smallest  which  can  be  used  as  a  sat- 
isfactory basi.s  of  measurement,  there  are  found  in  some  portions  of 
the  basin  evidences  that  the  complex  system  of  faulting  does  not  stop 
wnth  these  unit  blocks.  The  southern  slope  of  the  east  Orenaug  twin 
is  a  surface  of  coarseh'  amygdaloidal  basalt  representing  a  superficial 
hu'cr  of  the  main  sheet.  By  the  action  of  frost  in  expanding  the  water 
which  1)}'  percolation  has  filled  the  vesicles,  the  surface  of  this  rock  has 
been  covered  with  decom^wsed  chips  of  its  own  material.  The  hum- 
mocks which  are  uniformly  distributed  over  the  surface  in  question  are 
of  this  material,  and  since  the}'  have  doubtless  originated  from  natural 
causes  they  point  to  an  average  surface  which  was  characterized  by 
alternate  projections  and  depressions,  arranged  in  a  general  way  like 
the  black  and  white  squares  of  a  checkerboard,  though  probabl}'  much 
less  regularlv  (PI.  XIII).  Such  a  surface,  formed  from  blocks  of  a 
larger  order,  has  already  been  described  from  the  Avails  of  the  inter- 
montane  cauA'on  of  these  hills  and  from  the  southern  slf)pe  of  the 
western  twin. 

(iRADATION    OF   FAULTS    INTO   PRISMATIC   .JOINTS. 

At  the  northern  end  of  the  eastern  Orenaug  twin  even  smaller  dis- 
locations than  those  just  described  may  be  observed.  In  fact,  the  dis- 
locations here  appear  in  such  numbers   and  are  apparently  of  such 
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small  displacement  that  they  may  be  properly  designated  joints. 
The  fracture  planes,  which  are  distant  only  a  foot  or  two  from  one 
another,  have  strikes  corresponding  with  the  faults  observed  elsewhere 
in  the  region.  There  seems,  therefore,  to  be  every  gradation  from 
faults  whose  displacement  measures  hundreds,  and  perhaps  a  few  thou- 
sands, of  feet — the  major  faults  of  the  basin — through  the  faults  of  only 
moderate  displacement  which  bound  the  unit  blocks  of  the  western 
Orenaug  Hill  (estimated  to  be  from  10  to  50  feet),  and  the  small  dis- 
placements which  produce  hummocks  on  the  southern  slope  of  the 
eastern  twin,  to,  finally,  the  prismatic  joints  which  have  just  been 
described  from  the  northern  end  of  the  same  twin. 


RELATION  BETWEEN    THE    SHAPE  OF   THE  OROGRAPHIC  BLOCKS  AND  THE 
FAUI.T    SYSTEM. 

The  size  and  the  shape  of  the  unit  orographic  blocks  have  been  most 
satisfactorily  determined  in  the  area  of  the  west  Orenaug  twin,  where, 
as  already  described,  the  bounding  planes  of 
the  rhomboidal  blocks  trend  N.  ±  5^  W.  and 
N.  ±54°  E.,  and  the  dimensions  along  the 
longer  and  shorter  sides  are  very  nearly  3<)0 
feet  and  150  feet,  respectively.  A  cross  sec- 
tion of  these  rhomboidal  blocks  would  give 
for  the  angles  of  the  rhomboid  nearly  00^ 
and  30°.  The  faults  which  bound  these 
blocks  have  about  the  same  order  of  impor- 
tance, but  if  we  were  to  have  regard  to  the 
less  important  faults,  which  can  generally  be 
found  to  divide  them  in  half  in  the  direction 
of  their  length,  we  should  consider  them  as 
double  rhombic  prisms  instead  of  rhomboidal 
prisms. 

It  is  pertinent  next  to  inquire  whether  any 
relations  can  l)e  found  to  obtain  l)etwcen  the 
size  and  shape  of  these  unit  blocks  and  the 
strikes  of  the  other  faults,  which,  with  the 
two  bounding  the  blocks,  comprise  the  fault 
system  of  the  })asin.  It  could  hardly  escape 
observation  that  the  long  and  short  diago- 
nals of  the  block  correspond  closely  in  direc- 
tion with  the  remaining  series  of  faults 
which  prevail  in  the  valley  (see  fig.  42). 
As  determined  from  the  measurement  of 
the  block  shown  in  the  cut,  these  directions 
are  N.  U^  E.  and  N.  35°  W.,  whereas  the  observed  values  are  N 
K.  and  N.  ±34^  W. 


Flu.  -('i.— Diagram  showing  the 
shape  of  the  unit  blocks  of 
Orenaug  Hill  outlined  by  faults 
trending  X.  _h  5°  W.  and  N.  j  54° 
E.  The  diagonals  of  the  hloeks 
are  approximately  parallel  to 
the  two  remaining  series  of  the 
prevailing  system  (N.  ±  15°  E. 
andN.  rfc34°\V.). 
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It  is  natural  next  to  inquire  if  the  less  common  series  of  faults  may 
not  correspond  in  direction  with  the  diagonals  of  composite  blocks 
made  up  of  a  number  of  unit  blocks.     By  assumi no- blocks  composed 


Fig.  ■!:!.— Dingniin  to  show  the  relation  ))etween  the  shape  of  the  unit  bloelts  of  Orenaufr  Hill  anrl  the 
fault  system.  The  .stippled  areaoutlines  the  shape  of  a  unit  block  bounded  by  N.  ±  f>°  W.and  N.  ± 
ol°  K.  faults.  The  N.  ±  15°  E.  fault  lines  correspond  closely  in  direction  with  the  long  diagonal 
of  these  blocks,  and  the  N.  ±  ^°  W.  to  the  short  diagonal.  The  less  common  fault  directions 
are  the  diagonals  of  compo.site  blocks  made  up  of  a  number  of  unit  blocks.  The  figures  printed 
at  the  end  of  each  diagonal  are  the  directionsof  the  diagonal  as  obtained  (grafjhically )  from  the  dia- 
gram, and  the  figures  in  parentheses  which  follow  are  the  actual  directions  of  fault  series  (tis  deter- 
mined in  the  field)  with  which  these  diagonals  closely  crorrespond  in  direction.  Thus  the  N.  ±  3;i°E. 
fault  series  corresponds  closely  in  direction  with  the  longer  diagonal  of  a  composite  ))lock  one  unit 
long  by  three  units  wide.  The  N.  ±  20°  E.  direction,  like  the  last-mentioned  characteristic  of  the 
siiuthcrn  zone  of  the  Pomperaug  Basin,  corresponds  closely  with  the  direction  of  the  diagonal  of  a 
composite  block  two  units  long  by  three  units  wide,  etc. 


of  a  sufficiently  large  numljer  of  unit  blocks,  it  would,  of  course,  be 
easy  to  find  a  diagonal  which  would  correspond  to  any  desired  fault 
direction,  and  such  a  study  would  he  without  special  significance.     If, 
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however,  the  iiuniber  of  unit  }>lock.s  composing  the  composite  })lock 
be  small,  the  correspondence  of  its  diagonal  with  the  fault  series  of 
the  basin  is  a  matter  of  some  interest.  The  series  of  faults  trending 
N.  ±  33°  E.  is  found  to  correspond  closely  in  direction  with  the  long 
diagonal  of  a  composite  block  made  up  of  three  units  placed  side  by 
side  (block  IL  a7>,  tig.  43);  the  series  trending  N.  d=  20°  E.  corre- 
sponds with  the  long  diagonal  of  a  block  composed  of  three  unit 
blocks  in  width  and  two  in  length  (ILac);  the  several  westerly  trend- 
ing series  characteristic  of  the  zone  of  accommodation  in  the  Rattle- 
snake Hill  district  require  larger  composite  blocks  in  order  to  show 
correspondence  with  the  diagonals,  and  the  correspondence  has,  on 
the  theory  of  chances,  less  significance.  Thus  the  strike  N.  25°  W. 
is  near  the  diagonal  of  a  composite  block  three  units  long  and  two 
wide  (Krad);  the  strike  N.  4:4:°  W.,  similarly  of  a  block  four  units 
long  and  live  wide  (ID  ae);  the  strike  N.  61°  W.,  of  a  block  four 
units  long  and  seven  wide  (IBac);  the  strike  N.  90°  AV..  of  a  block 
two  units  long  and  seven  wide  (IB  ac). 

^Nlore  instructive  than  this,  however,  is  a  study  of  the  composite 
blocks  themselves  within  the  area  of  the  basin.  There  are  many 
composite  blocks  shaped  like  those  of  the  west  Orenaug  twin  which 
have  as  their  diagonals  faults  trending  N.  zb  15°  E.  and  N.  ±  34°  W. 
In  fact,  it  may  be  said  to  be  characteristic  of  the  region  that  these 
faults  trend  along  the  diagonals  of  composite  blocks  whose  shape  is 
the  same  as  the  unit  blocks  of  Orenaug  Hill.  In  the  southern  por- 
tion of  the  area  certain  large  composite  blocks  are  deserving  of  spe- 
cial study.  To  the  east  of  the  great  block  outlined  by  cr3'stallines, 
which  includes  Pine  Hill  and  Rattlesnake  Hill,  is  indicated  a  block  of 
crystallines  (E)  along  the  short  diagonal  of  which  runs  a  N.  ±  3-i°  W. 
fault  (/).  Boundaries  of  exposures  within  the  Pine  Hill  block  itself 
indicate  that  it  is  composed  of  three  large  blocks,  two  of  which  are 
clearly  of  the  type  of  the  ])lock  E,  with  whose  shape  they  are  identi- 
cal, but  from  whose  size  they  show  slight  variations.  These  blocks 
can  best  be  seen  in  fig.  4-1,  which  is  a  diagram  reproduced  from  a 
portion  of  the  general  map,  with,  however,  man}-  of  the  details  omit- 
ted. Both  thes(>  blocks  have  diagonal  faults,  the  eastern  one  (South- 
bury  block)  the  faults  k,  I,,  and  the  western  one  the  faults  m,,  III. 
The  extreme  western  block  (South  Britain  block)  has  a  difierent 
shape,  the  ratio  of  its  sides  being  l!»:30  (or  2:3)  instead  of  15:30  (or 
1:2),  as  were  tlie  two  others,  and  also  the  block  of  E  (13^:26).  To 
correspond  with  these  different  proportions,  we  find  difl'ei-ent  fault 
directions  represented  within  the  South  Britain  block.  In  place  of 
the  N.  ±  15°  P].  and  the  N.  ±  34°  W.  directions,  Avhich  are  charac- 
teristic of  the  other  blocks,  we  here  find  new  directions,  N.  ±  44° 
W.  and  N.  ±  20°  E.,  for  the  strike  of  the  prevalent  faults.  Two  of 
thes(»  faults,  moreover,  coi-i-espoiid  (|uite  ciosc^Iy  in  position,  as  well 


118 


NEWARK    SYSTEM    OF    POMPERAUG    VALLEY,   CONN. 


its  ill  direction,  with  the  diagonals  of  the  block.     The  larger  block,  of 
which  thi.s  abnormal  and  the  two  normal  blocks  wnth  ratio  of  sides 


Fig.  44.— Map  of  the  southern  part  of  the  Pomperaug  Basin  showing  the  larger  composite  blocks.  A, 
ea.stern  end  of  the  Woodbury  Plain  block.  B,  eastern  end  of  the  Orenaug  Hill  block.  C,  eastern  end 
of  the  East  Hill  block.  E,  block  capped  by  the  crystallines,  in  shape  like  the  unit  blocks  of  Orenaug 
Hill.  To  the  west  of  the  block  E  are  two  blocks  of  the  same  shape,  but  of  larger  size  (Southbury 
and  Pine  Hill  blocks).  F  (South  Britain  block)  is  a  block  bounded  by  faults  of  the  stime  series  as  the 
last,  but  one  of  larger  size  and  of  different  shape,  the  ratio  of  its  sides  being  2:3  instead  of  1:2.  The 
stippled  area  is  the  triangular  zone  of  accommodation  of  Rattlesnake  Hill;  the  black  areas  are  the 
principal  areas  of  the  main  ba.salt,  and  the  hachured  areas  represent  the  borders  of  the  crystallines. 
The  areas  hachured  in  full  lines  are  occupied  by  exposures,  whereas  those  hnchiired  in  dotted  lines 
are,  from  topographic  peculiarities,  determined  as  lower  blocks  capped  by  crystallines.  Compare 
with  ]'l.  I,  on  which  the  geological  coloring  brings  out  the  composite  liloiks. 


1:2  are  parts  (Pine  Hill  block),  has  for  its  longer  and  .shorter  diago- 
nals faults  N.  3.3°  E.  ir)  and  N.  90°  W.  (^,),  respectively.     The  most 
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complex  zone  of  faulting  within  the  basin,  the  triangular  area  which 
I  have  called  the  zone  of  accommodation  of  Rattlesnake  Hill  (F, 
stippled),  occupies  the  northwestern  part  of  this  block. 

The  arm  of  the  cr3'stallines  which  crosses  Trans_ylvania  Brook  at  the 
Cascade  (DJ  and  the  eastward  bend  of  the  Ragland  Ridge  (D^)  outlines 
with  the  walls  of  the  large  Pine  Hill  block,  a  block  of  still  larger  order 
than  any  of  those  thus  far  described,  and  of  this  a  fault  (a)  of  the  N.  ± 
61°  W.  series  coincides  with  its  short  diagonal.  Thus  less  common 
directions  of  faulting  are  found  to  correspond  to  the  diagonals  of 
unusual  composite  blocks  in  the  same  way  that  the  prevailing  faults 
correspond  to  the  diagonals  of  the  unit  blocks,  and,  as  it  has  here  been 
shown,  of  composite  blocks  as  well. 

Some  relation  l>etween  the  directions  of 
the  ditferent  fault  series  might  have  been 
brought  out  if  we  had  started  from  the  unit 
blocks  of  the  Hotchkissvillc  district  instead 
of  from  the  units  of  Orenaug  Hill;  but  the 
latter  are  the  ones  which  have  furnished  the 
most  relia])le  measurements,  and  the  waj'  in 
which  the  crystalline  walls  of  the  basin  con- 
form in  their  outlines  to  those  shapes  would 
seem  to  indicate  that  the}'  are  the  ones  along 
which  the  largest  displacements  have  oc- 
curi-ed. 

In  the  Orenaug  Hill  district  it  seems 
clearl}'  to  be  indicated  that  the  interval  on 
the  N.  ±  34°  W.  series  of  faults  is  greater 
than  that  of  the  other  series  which  prevail 
in  the  district  (PI.  X).  Their  relations  to 
the  latter  arc  brought  out  in  iig.  45,  from 
which  it  is  seen  that  the  N.  ±34- W.  and  the 
N.  ±  54-  E.  faults  produce  nearly  rectangu- 
lar blocks,  with  the  ratio  of  their  sides  about  21:24.  These  blocks, 
which  are  the  units  of  their  kind,  as  heretofore  defined,  within  the  area 
in  question,  are  divided  by  the  N.  ±  15°  E.  faults  in  the  direction  of 
the  longer  diagonal  of  the  bkx-k,  while  the  N.  ±  5°  W.  faults  form 
in  a  similar  manner  the  longer  diagonal  of  a  composite  block  made  up 
of  two  units  whose  longer  sides  are  in  contact;  or,  expressed  in  a  dif- 
ferent way,  the  N.  ±5°  \V.  faults  divide  diagonally  the  half  of  the 
unit  block.  Each  imit  block  of  the  N.  dc  34°  W.-N.  ±  54°  E,  type 
incloses  one  whole  and  two  half  blocks  of  the  N.  ±5°  W.-N.  ±54°  E. 
series,  as  is  indicated  by  tig.  45.  The  blocks  of  the  former  tA'pe  cor- 
respond in  shape  to  those  of  smaller  dimensions  which  were  measured 
in  the  Hotchkissvillc  district  (p.  110).  and  they  are  both  in  shape  and  in 
size  identical  with  those  which  are  indicated  on  the  map  (PI.  I)  as  occur- 
ring over  practically  the  entire  area  of  the  l>asin.     It  should  be  noted, 


Fig.  45. — Smallest  observed  orograph- 
ic block.softheN.  ±  34°W.-N.  ±  54° 
E.  type  in  the  Oernaug  distriet  in 
compari.son  with  the  unit  blocks 
of  that  territory.  The.se  blocksare 
nearly  rectangular  (angles  ±  88° 
and  ±92°),  with  sides  in  the  ratio 
of  about  21:24.  They  each  inclo.se 
one  whole  and  two  half  blocks  of 
the  unit  size  and  shape. 
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however,  that,  except  to  a  limited  extent,  particularly  in  the  north- 
western portion  of  the  basin,  these  blocks  have  not  determined  the 
outlines  of  the  larger  composite  blocks  of  the  basin,  whose  boundaries, 
as  already  shown,  are  formed  b_v  faults  ])elongin<»-  to  the  N.  ±  5^  W. 
and  N.  ±  54^  E.  series.  Owing  to  the  difference  in  the  amount  of 
throw  within  a  given  fault  series,  the  displacements  along  the  bounda- 
ries of  the  composite  blocks  are  of  a  higher  order  than  those  bound 
ing  its  component  individuals,  and  hence  the  larger  composite  blocks 
appear  to  have  moved  essentially  like  individuals. 


Fi(i.4ti.— DiiiKram  showing  the  shapes  of  composite  orographic  blocks  in  the  southern  part  of  the 
I'ompi-raug  Basin,  a.  South  Britain-Pine  Hill-Southbury  block;  6,  South  Britain  block;  c.  South- 
bury  block;  d.  East  Hill-Pine  Hill  block;  e,  smaller  Soutlxbury  block.  The  larger  figures  on  the 
sides  of  each  block  are  the  measurements  of  each  as  read  from  the  map  in  sixteenths  of  an  inch 
(one-sixteenth  of  a  mile).  The  smaller  figures  on  the  opposite  sides  give  the  approximate  f-Mmple 
proportional  lengths  of  the.same  sides.  The  diagonals  of  the  blocks  correspond  closely  in  direction, 
as  they  do  also  in  position,  with  observed  faults  having  the  directions  indicated. 

The  study  of  the*  composite  blocks  of  the  southern  distiict  has 
brought  out  strongly  the  fact  that  composite  1)locks  approximate  to  a 
detiniteness  of  shaj^e  rather  than  of  size.  The  unit  blocks  of  Orenaug 
Hill  bounded  by  N.  i  5^  W.  and  N.  ±  54°  E.  faults  have  the  ratio  of 
their  sides  approximately  1 :  2.  The  composite  block  of  gneiss  (E,  tig.  45 
and  e,  fig.  46)  has  the  ratio  of  its  sides  about  18^:  26,  the  Southlnxry  block 
(c  in  fig.  46)  15:30,  so  that  each  of  these  approximates  to  the  shape 
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of  the  unit  block.  The  South  Britain-Pine  Hill-Southbuiy  block  {a 
in  fig.  46),  which  is' apparently  unique  in  the  district,  has  the  ratio  of 
its  sides  30:49,  or  about  3:  5.  The  large  East  Hill-Pine  Hill  block  (^/ 
in  fig.  46)  has  a  ratio  of  its  sides  of  53:  46,  or  about  6:  5.  It  is  thus 
seen  that  this  block  is  the  double  of  the  Pine  Hill  block,  although  this 
was  not  at  once  apparent  from  the  map,  owing  to  the  lack  of  a  simple 
ratio  connecting  the  sides  of  the  two.  This  observation  is  a  valuable 
one,  since  it  shows  that  the  faults  trending  N.  ±61"^  W.  correspond 
to  the  short  diagonal  of  a  block  composed  of  two  Pine  Hill  blocks  in 
contact  along  their  longer  side. 

It  is  not  believed  to  be  entirely  exceptional  that  the  characteristic 
shapes  of  orographic  blocks  are  thus  found  to  bear  such  simple  ratios 
to  the  unit  form.  It  is  much  more  likely  that  it  is  to  be  explained  by 
the  anisotropic  condition  of  the  rocks  induced  by  the  stresses  which 
immediately  preceded  their  dislocation.  The  analogy  with  the  elastic 
properties  of  an  anisometric  crystal  or  with  a  piece  of  glass  which  has 
been  consolidated  under  unequal  compression  from  different  directions 
is  certainly  a  striking  one. 

SECTION  6.— ORIGIN   OF  THE  FAULT  SYSTEM. 

Any  theory  which  is  to  explain  satisfactorily  the  faults  of  the  Pom- 
peraug  Basin  must  take  account  of  a  large  number  of  observed  facts. 
It  must  explain  the  great  number  of  dislocations,  their  steep  and  nearly 
vertical  hades,  their  grouping  into  parallel  series,  the  relations  which 
exist  l)etween  the  strikes  of  the  four  prevalent  series  and  the  shapes 
of  the  unit  orographic  blocks.  It  nuist  further  take  into  consideration 
the  distribution  of  throw  over  a  zone  of  parallel  faults,  in  which  zone 
there  are  throws  of  a  higher  order  separated  by  fairly  uniform  fault 
intervals,  and  others  of  a  lower  order  along  faults  included  within  the 
intervals.  Locally,  at  least,  these  minor  faults  must  pass  into  joints. 
The  composite  blocks  included  between  the  faults  of  largei-  throw 
must  be  elevated  or  depressed,  with  reference  to  the  neighboring  com- 
posite blocks,  essentially  as  though  they  were  units,  although  within 
each  the  composite  blocks  of  a  lower  order  (or  perhaps  the  unit  bloi^ks) 
must  be  elevatc^d  or  depressed  in  a  similar  mannei*  with  reference  to 
their  neighbors.  In  fact,  the  theory  must  be  made  to  explain  the 
origin  of  a  composite  system  of  orographic  blocks,  of  which  the  largest 
are  composed  of  smaller  blocks  which  have  component  Idocks  of  a 
lower  order,  and  they  of  a  still  lower  order,  etc.  The  correct  theory 
will  account  for  this  structure  (or  certain  features  of  it)  not  only  within 
the  area  of  Newai-k  rocks,  but  in  tli(>  ciTstalline  walls  of  the  l)asin  as 
well. 

Thus  far  in  the  present  study  no  evidence  has  been  presented  either 
for  or  against  the  presence  of  faults  in  the  crystalline  ai-ea,  except  in 
the  walls  of  the  Pomperaug  Basin;  but  the  theory  nuist  be  framed  to 
21  (iEor,,  I'T  3—01 9 
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explain,  in  a  general  waj',  the  structural  characteristics  common  to  all 
the  areas  of  Newark  rocks.  In  the  introductory  chapter  to  this  report 
I  have  called  attention  to  the  prevalence  of  faulting  in  all  the  areas  of 
Newark  rocks  that  have  been  carefully  studied.  As  Russell  has  shown, 
fault  walls  largely  surround  many  of  the  Newark  basins.  Davis,  too, 
has  emphasized  tlie  common  structural  features  of  the  ditierent  areas. 
It  seems  fairly  clear  that  a  system  of  faulting  possessing  certain,  at 
least,  of  the  features  observed  in  the  different  Newark  basins  obtains 
also  in  the  areas  connecting  them.  There  is,  however,  a  lack  of  evi- 
dence that  great  areas  have  been  ])odily  depressed,  except  where  the 
Newark  rocks  are  to-day  preserved.  We  are  therefore  called  upon,  as 
it  seems  to  me.  to  explain  by  adequate  forces  the  systematic  deforma- 
tion of  a  large  area  of  crystalline  rocks,  together  with  whatever  super- 
incumbent l)eds  they  suppoit.  and  in  special  regions  (the  present  areas 
of  Newark  rocks)  to  explain  in  addition  the  depression,  by  some  thou- 
sands of  feet,  of  considerable  areas  of  the  eurtli's  crust — depressions 
which  have  quite  likely  been  attended  by  dislocations  of  their  own. 

THE    DAVLS   THEORY. 

The  theory  projwsed  l)y  Professor  Davis  to  explain  the  faulting  in 
the  Pomperaug  Valley  and  the  Connecticut  Valley  regions^  supposes 
the  underlying  crystallines  to  be  separated  into  slabs  by  a  series  of 
parallel  planes  (whether  original  bedding  or  secondary  structure 
planes),  which  slabs  strike  northeast  and  southwest  and  incline  steeply 
to  the  eastward  throughout  the  areas.  The  upper  zone  of  the  crust, 
and  hence  the  upper  ends  of  these  slabs,  is  supposed  to  have  been 
moved  to  the  eastward  or  southeastward  with  reference  to  the  lower 
zones,  and  hence  to  the  lower  ends  of  the  same  slabs,  through  the  action 
of  a  couple  (lateral  compression),  and  release  from  these  strains  is 
ol>tained  by  faulting  along  the  structure  planes  separating  the  slabs 
from  one  another.  This  faulting  produces  a  serration  in  the  surface 
form  of  the  upper  edges  of  the  slabs,  slices  the  overlying  Newark 
deposits,  and  tilts  each  slice  so  that  (with  slabs  of  uniform  thickness) 
it  is  upthrown  as  nuich  with  reference  to  its  neighbor  on  the  west  as 
it  is  downthrown  with  reference  to  its  neighbor  on  the  east.  Varia- 
tions from  this  uniform  upthrow  on  the  east  are  explained  by  the  exist- 
ence of  certain  curving  lenticular  slabs,  which,  on  being  straightened 
out  under  the  lateral  compression,  project  beyond  the  straighter  slabs. 

The  name  of  the  distinguished  founder  of  this  theor}^  and  the  inge- 
nuity of  its  conception,  but  even  more  the  lack  of  adequate  data  on 
which  to  found  a  rival  theory,  must,  I  think,  be  responsible  foi-  the 
ready  acceptance  which  it  has  found,  for  there  is  much  which  the 
theory  fails  to  explain  in  the  areas  to  which  it  was  originally  fitted. 
Some  of  these  defective  elements  in  the  theory  1  will  briefly  mention. 

1  Seventh  Ann.  Kept.  V.  S.  Geol.  Survey,  1888,  pp.  481-190. 
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1.  It  explains  the  occurrence  of  a  single  series  of  faults  only,  although 
Professor  Davas's  map  shows  at  least  two  series,  which  make  large 
angles  with  each  other.  In  the  eastern  wall  of  the  Connecticut  Valley 
Professor  Davis's  map  shows  a  clear  indication  of  a  structure  similar 


Fio.  47.— Map  showing  the  strike  and  dip  observations  of  the  prevailing  laminated  structure  (not 
necessarily  bedding)  in  the  exposures  of  crystalline  rocks  nearest  to  the  Newark  basiu. 


to  that  which  has  been  determined  to  characterize  the  eastern  wall  of 
the  Poniperaug  Valley.' 

2.  While  explaining  the  regular  upthrows  of  blocks  in  the  eastern 
limb  of  each  fault — and  it  is  this  special  feature  which  the  theory 
seems  framed  to  explain— it  fails  to  take  account  of  the  depression  of 
the  entire  areas  below  the  level  of  the  crystalline  rocks  by  which  they 

'  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  II,  1898,  p.  123,  flg.  25. 
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are  surrouiulod.  and  hence  an  additional  supploniontarv  theory  is  made 
necessary — the  "local  basin"  theory  for  the  sediments  of  the  Newark. 
These  theories  are  thus  intin)ately  connected  and  Mipplenientary  to 
each  other  in  the  areas  under  consideration. 

'A.  The  Davis  theory  recjuires  a  *'  ready-made"  geology  for  the  great 
uplands  of  Connecticut,  since  it  is  only  fair  to  assume  that  the  struc- 
ture of  the  crystallines  beneath  the  Connecticut  and  Pomperaug  val- 
leys is  not  unlike  that  of  the  uplands  which  surround  them.  At  the 
time  the  theory  was  promulgated  nothing  detinite  was  known  of  the 
geological  structure  within  these  uplands.  As  the  result  of  some  ten 
years'  study  devoted  to  the  western  upland,  during  which  time  the 
larger  portion  of  it  has  been  exaiuined  with  some  regard  for  detail,  I 
may  say  that  thei-e  is  not  found  to  be  such  a  regidarity  of  structure  as 
seems  to  be  demanded  by  the  Davis  theory.  Tiie  structure  planes  of 
the  region  change  their  strikes  and  dij)s  with  remarkable  frecjuency, 
and  great  batholiths  of  granite  smd  of  other  igneous  rock  occur  in 
such  forms  as  to  interfere  with  the  regularity  and  the  contiiuiity  of 
the  sujjposed  slalts  of  gneiss. 

The  Pomperaug  Valley  affords,  howevei-,  the  b(>st  opportunity  for 
testing  the  hypothesis,  since  the  strikes  and  dips  of  the  prevailing  struc- 
ture have  been  recorded  in  the  nearest  e.xposures  to  the  valleyi  This 
strike  is  not  necessarily  that  of  bedding,  but  that  (if  I  correctly  inter- 
pret the  theory)  is  not  intended  by  Professor  Davis.  His  theory 
requires  siiuply  that  there  be  planes  of  separation,  or  even  of  little 
cohesion,  in  the  positions  which  he  has  indicated.  An  examination  of 
the  tigure  (rig.  47)  will  show  that  the  average  strike  of  t\w  prevailing 
structure  in  the  zone  of  crystallines  surrounding  the  Pomperaug  Val- 
ley is  northwest  and  southeast,  instead  of  northeast  and  southwest,  as 
reciuired  by  the  theory,  and  that,  moreover,  it  changes  locally  with 
great  frecpiency. 

Hut  if  the  Davis  theory  is  incompetent  to  explain  the  facts  observed 
in  the  Pomperaug  Valley  a  decade  since,  it  is  even  more  unsatisfactory 
if  fitted  to  the  larger  knowledge  of  today. 

TIIK    PHOVOSKI)   TIIKOKY. 

As  already  pointed  out,  the  facts  seem  to  indicate  that  a  large  area 
of  the  earth's  crust,  in  which  the  several  Newark  areas  are  included, 
has  been  throughout  systematically  dislocated  l)y  external  forces,  and 
that,  further,  in  special  regions — the  Ne^vark  areas  themselves— areas 
of  considerable  size  have  been  downthrown  along  thes(>  dislocations 
by  an  amount  measuring  some  thousands  of  feet.  To  account  for  the 
downthrow  of  the  special  areas,  the  surrounding  rocks  being  essen- 
tially the  same,  we  may  assume  that,  for  some  reason,  in  these  areas 
the  suppoit  was  less  or  the  load  greater  (perhaps  both)  than  in  the  sur- 
rounding territory.     The  downthrow  of  these  great  orographic  blocks 
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l\v  such  an  amount  may  well  have  been  attended  by  local  dislocations 
secondary  to  the  primaiy  dislocations  of  the  area  as  a  whole.  These 
latter  dislocations  are  not  described  as  "primar}'"  with  the  intention 
of  conveying  the  idea  that  they  occurred  in  an  earlier  period,  but  as  to 
some  extent  at  least  controlling-  the  secondary  dislocations  and  pre- 
ceding their  formation  by  at  least  an  infinitesimal  interval  of  time. 
These  secondary  dislocations  may  be  of  more  than  one  kind,  and  may 
be  traced  to  different  causes. 

We  must  first  seek,  therefore,  a  system  of  stresses  competent  to 
produce  the  primary  dislocations  of  the  Pomperaug  Valley;  and,  sec- 
ond, the  primary  dislocations  being  formed,  a  force  must  be  sought 
which  will  account  for  the  depression  of  portions  of  the  area  in  the 
form  of  great  composite  blocks  below  the  level  of  the  crystalline  rocks, 
and  probably,  also,  for  the  formation  of  secondary  dislocations. 

A.  JJi^cussion  of  the  conditions  7iecess<iri/  to  tJie  formation  of  a  net- 
work of  vertical  joints  07\faults. — The  perfection  of  the  system  of 
faults  within  the  Pomperaug  Valley  indicates  that  the  deformation 
took  place  under  light  load,  well  up  in  the  earth's  upper  zone  of  frac- 
ture.^ The  resemblance  of  the  primary  fault  system  to  a  system  of 
joints,  and,  in  fact,  its  gradation  into  such  a  system,  has  already  been 
pointed  out.  According  to  the  accepted  definition,  joints  differ  from 
faults  in  their  greater  number  (smaller  interval)  and  in  their  inconsid- 
erable throw.  ^ 

Joints  have  been  brought  about  by  Daubree  and  Tresca,''  both  by  a 
torsional  stress  and  by  unequal  compression  of  a  very  elastic  and  l)rittle 
medium  (glass),  and  the  theory  has  been  promulgated  that  rock  joints 
have  been  formed  by  similar  forces,  jointing  being  supposed  to  occur 
where  the  system  of  stresses  induces  shears  so  great  as  to  pass  the  ulti- 
mate strength  of  the  rock.  Crosby  has  supplemented  the  theory  in  an 
hnportant  way  M)y  showing  it  to  be  unnecessary  to  assume  that  the 
rock  is  continuously  strained  to  near  the  point  of  rupture,  a  temporary 
shock,  if  communicated  to  the  medium  and  adding  its  stresses  to  those 
already  existing,  being  competent  to  release  the  stresses  b}^  dislocation. 
He  has  modified  Daubree's  experiments  l)y  straining  glass  plates  to  a 
point  well  below  that  of  rupture,  and  through  a  shock  comnumicated 
to  the  end  of  the  plate  by  the  blow  of  a  hammer  brought  about  frac- 
tures identical  with  those  obtained  by  Daubree.  If  the  expression  may 
be  used,  the  shock  transmitted  acts  as  a  fulminate  to  set  off  the  charged 
system.     Becker'*  has  treated  the  subject  of  the  compression  of  an 

1  Principlesi  of  North  Aiiierionii  pri--Cambrian  peology,  by  C.  R.  Van  Hise;  Sixteenth  Ann.  Rept. 
U.  S.  Geol.  Survey,  I't.  I,  1896,  p.  589. 

^fetudes  synthiHiques  de  gC^ologie  experimentale,  by  A.  DaubrtJe;  Pt.  I,  Paris,  1879,  pp.  300-301. 
See,  also.  Finite  homogeneous  strain,  flow,  and  rupture  of  rocks,  by  Geo.  F.  Befker:  Biill.  Ceol.  Soe. 
Am.,  Vol.  IV,  1893,  p.  73;  and  Van  Hise,  op.  eit.,  p.  (i72. 

»Op.  eit.,  pp.  300-374. 

<The  origin  of  parallel  and  intersecting  joints,  by  \V.  ().  Crosby:  Am.  Geologist,  Vol.  XII,  1893, 
pp.  368-37.'i. 

'Op.  cit.,  pp.  13-90. 


12G  NEWARK    SYSTEM    OF    POMPERAUG    VALLEY,   CONN. 

elastic  brittle  modium  from  a  mathematical  standpoint,  analyzing  the 
stresses  within  the  strained  mass  previous  to  rupture,  when,  it  is  worth 
pointing  out,  it  presents  the  anisotropic  condition  of  a  nonisometric 
crystal.  He  has  shown  that  if  an  elastic  bi'ittle  medium  like  a  sec- 
tion of  the  earth's  «-rust  under  light  load  be  subjected  to  direct  hori- 
zontal pressure  coming  from  a  single  direction,  rupture  will  take 
place  along  those  directions  subject  to  the  greatest  tangential  stress. 
If  the  resistance  offered  to  compression  is  for  anj'  reason  unequally 
distributed  in  the  plane  perpendicular  to  the  line  of  pressure,  the  strain 
ellipsoid  will  be  triaxial.  and  rupture  will  occur  in  the  plane  of  the 
greatest  and  least  axes.  In  the  case  of  the  c-ompi-essed  portion  of 
the  earth's  <-rust  wiiich  we  are  considering,  gravity  aids  in  preventing 
the  elongation  of  the  vertical  axes.  In  this  fsise.  therefore,  the  greatest 
and  the  least  axes  of  the  strain  ellipsoid  would  lie  in  the  horizontal 
plane,  and  the  rupture'  planes  produced  would  be  vertical.  The  effect 
would,  therefore,  be  to  produce  a  system  of  vertical  ])risms.'  Accord- 
ing to  Heckcr.  the  directions  of  these  rupture  planes  in  a  mass  having 
infinite  resistance  would  niake  4.^-  with  the  direction  of  pressure,  but 
otherwise  the  angles  would  generally  be  girater.  He  states,  how- 
ever, that  whether  the  acute  or  the  obtuse  angle  formed  by  the  rup- 
ture planes  is  bisected  by  the  direction  of  the  compressive  force  will 
depend  on  whether  tinito  deformation  has  occurred  previous  to  rup- 
ture; in  other  words,  upon  the  plasticit}'  of  the  rock  mass  under  the 
conditions  of  compression.  With  pressures  rapidly  applied  he  l)elieves 
that  rocks  behave  like  highly  elastic  bodies,  and  that  the  range  in  the 
angles  of  rupture  is  small. 

Hoskins.*  however,  (juotes  the  experiments  of  Ilodgkinson  on  the 
rupture  of  cast-iron  cylinders  under  compression,  in  which  the  planes  of 
rupture  made  on  the  av<'rage  an  angle  of  3.5^  with  the  axis  of  pressuie, 
and  states  that  if  this  principle  holds  for  rocks  under  compression, 
'•  rupture  by  shearing  would  be  expected  to  occur  along  planes  ()bli(|ii(>. 
to  the  axes  of  greatest  and  least  intensity  of  compressive  stress,  but 
(if  the  material  is  isotropic)  inclined  at  angles  of  less  than  45°  to  the 
axis  of  greatest  stress.'' 

Bouton^  also,  in  investigating  the  rupture  of  cast  iron,  limestone, 
asphalt,  and  Milwaukeii  brick  under  compression,  has  assumed  that  the 
departure  of  the  planes  of  rupture  from  angles  of  45^  with  the  axis 
of  pressure  depends  upon  the  coefficient  of  friction  of  the  su])stance, 
and  that  the  angle  of  rupture  is  45'^  plus  one-half  the  angle  of  repose. 
His  experimental  results  seem  to  be  in  clo.se  harmony  Avith  this  assump- 
tion, the  angles  of  rupture  varying  from  29°  to  37"  with  the  different 

'Op.  cit..  p.  .tO. 

2  Flow  and  fracture  of  rocks  as  related  to  structure,  by  Leander  Miller  Hoskins:  Sixteenth  Ann. 
Kept.  U.  S.  Geol.  Survey,  1890,  Pt.  I.  p.  873. 

3  Summary  of  a  thesis  for  the  degree  of  Master  of  Science  at  Washington  University  (1891),  entitled, 
Theory  and  experiments  on  the  laws  of  crushing  strength  of  short  prisms.  Published  in  J.  B. 
Johnson's  The  Materials  of  Construction,  New  York,  1900,  pp.  24-28. 
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substances,  while  the  variations  from  the  theoretical  values  rarely  exceed 
a  degree. 

However  interesting  these  results  of  test  blocks  may  be,  the  condi- 
tions of  the  experiments  are,  after  all,  so  different  from  those  assumed 
in  this  discussion  and  from  those  which  may  be  supposed  to  obtain  in 
a  crustal  block  under  compressive  stress,  that  they  must  be  applied 
with  great  allowances,  if  applied  at  all.  This  would  seem  to  be  shown 
by  the  fact  that  vertical  joint  planes  by  observation  generally  differ 
but  little  from  rectangularity,  whereas  in  experiments  test  pieces 
broken  by  compression  have  average  angles  of  about  55°  and  125°, 
while  those  broken  by  tension  are  found  to  be  nearly  as  oblique. 

To  suiumarize,  then:  It  seems  fairly  clear  that  relief  from  the  sim- 
ple compression  of  a  crustal  block  in  a  horizontal  direction  would 


Fig.  48.— Diagram  showing  the  probable  direction  of  the  force  which  produced  the  nearly  rectangular 
faulting  of  the  Pomperaug  Valley  and  its  vicinity. 

result  in  a  system  of  vertical  prisms  whose  angles  would  approximate 
90°;  and,  further,  that  it  is  not  yet  known  whether  in  any  given  case 
the  acute  or  the  obtuse  angle  of  the  prisms  (if  not  perfectly  rectangu- 
lar) would  be  bisected  by  the  direction  of  pressure. 

The  fault  s^'stem  of  the  Pomperaug  Basin  would  seem  to  furnish  an 
illustratioji  of  such  a  compression  of  a  crustal  area  as  has  been  dis- 
cussed, though  with  modifications,  which  will  be  pointed  out.  The 
area  in  question  is  found  to  be  subdivided  by  four  series  of  parallel 
fault  planes  into  a  system  of  vertical  prisms.  Two  of  these  fault 
series  (striking,  respectively,  N.  rt3J:°  W.  and  N.  ±54°  E.)  are  very 
nearly  at  right  angles  to  each  other  (88°).  These  directions  are  not 
the  ones  along  which  the  greatest  displacements  have  occurred,  but 
that  may  be  explained  on  other  grounds.  If,  then,  it  be  true  that 
these  nearly  rectangular  faults  have  been  formed  in  the  same  manner 
as  rectangular  joints,  it  follows  that  the  compression  (the  resultant 
force)  acted  in  a  direction  either  N.  ±80-  W.  or  N.  ±10°  E.  (rig.  48), 
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The  extensive  compression  of  the  area  as  a  whole  during  an  earlier  age 
having  been  such  as  to  produce  folds  whose  average  strike  in  the  New 
England  region  has  been  not  far  from  N.  10°  E.  (corresponding  to  a 
compression  along  the  direction  N.  d=80^  ^^'^•)".  it  is  most  probable  that 
the  direct  compression  of  the  Newark  rocks  acted  approximately  along 
the  same  direction,  which  is  one  of  the  two  directions  suggested  ))v  the 
theory.  Even  if  it  were  known  whether  the  acute  or  the  ol)tuse  angle 
of  the  rupture  planes  is  the  one  ))isected  by  the  initial  direction  of  the 
pressure,  no  certain  conclusion  could  here  be  drawn  fi-om  the  angle 
included  between  the  rupture  planes,  since  this  is  so  near  to  90'-  that 
the  diti'erence  from  that  value  falls  within  the  possible  limit  of  error 
in  the  determination  of  the  fault  directions. 

Accompanying  the  relief  of  strain  by  dislocation,  there  would  occur 
a  rcadjustnuMit  of  .stresses,  accompanied  by  a  fall  in  the  potential 
energy  of  tlie  .system.  The  two  series  of  prevailing  dislocations  which 
remain  to  be  considered,  and  which  trend  N.  ±5°  W.  and  N.  d=  15-  E., 
would  seem  to  have  been  produced  l)v  a  stress  system  secondary  in 
regard  to  time  to  that  which  produced  the  primary  dislocations,  since 
these  faults  reveal  in  their  strike  directions  the  closest  relations  to  the 
nearly  rectangular  .system  (see  p.  119).  So  far  as  the  dislocations  them- 
selves are  concerned,  they  might  have  l)een  formed  as  the  result  of  a 
compression  of  the  area  either  innnediately  following  or  long  subse- 
quent to  that  which  produced  the  primary  system  of  dislocations.  The 
study  of  the  area  has  shown,  however,  that  the  principal  downthrows 
have  taken  place  along  the  N.  ±  5^  W.  and  N.  ±  54°  E.  fault  planes,  and 
hence  it  is  certain  that  both  these  di-slocations  occurred  previous  to 
the  general  depression  of  the  area.  The  simpler  explanation  for  the 
depression  of  the  t)asin  is  one  which  connects  it  with  the  dislocation  of 
the  area.  l)ecause  by  that  dislocation  a  condition  is  set  up  which  favors 
local  depression.  A  compression  of  the  already  dislocated  area  by  a 
force  acting  in  the  same  horizontal  plane  as  the  first  would  bring  about 
a  resolution  of  the  force  of  compression  along  directions  parallel  and 
perpendicular  to  the  planes  of  dislocation,  the  former  producing  a  shear 
along  the  planes  themselves  and  the  latter  a  shear  along  the  diagonals 
of  the  block  formed  by  the  primary  .system  of  dislocations.  AVhether 
these  shears  would  result  in  rupture  along  one  or  both  of  the  diagonals 
of  the  })locks  would  be  dependent  primaril}'  upon  the  amount  and  the 
direction  of  the  pressure  before  resolution.  Torsional  forces  also 
would  doubtless  be  set  up,  the  effect  of  which  would  be  to  pi'oduce 
fracturing  at  the  edges  of  the  prisms,  and  these  torsional  stresses  would 
be  greater  the  greater  the  deviation  in  direction  of  the  new  force  of 
compression  from  that  which  produced  the  earlier  set  of  joint  planes. 
The  fault  series  which  trends  N.  ±  15°  E.  corresponds  in  direction  to 
the  long  diagonal  of  the  nearly  rectangular  block  formed  by  the  pri- 
mary system  of  dislocations,  and  the  N.  ±  5°  W.  series  corresponds 
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similarly  in  direction  with  the  long  diagonal  of  a  group  of  two  such 
blocks  in  contact  along  their  longer  sides.  Such  a  douljle  block,  it  will 
be  remem1)ered,  was  the  type  encountered  as  the  unit  of  the  primary 
system  in  the  Hotchkissville  area  (see  p.  109  and  PI.  XII),  which  affords 
an  indication  that  the  alternate  faults  in  the  N.  zfc  54°  E.  series  are  char- 
acterized by  larger  throws.  As  no  faults  have  been  found  in  the  area 
which  correspond  in  direction  with  the  shorter  diagonal  of  the  rectan- 
gular l)locks  (N.  ±85°  W.),  and  as  only  one  or  two  rather  doubtful 
faults  have  been  found  to  correspond  with  the  shorter  diagonal  of  the 
double  blocks  (about  N.  65°  W.),  it  would  perhaps  indicate  that  the 
second  compression  of  the  area  was,  like  the  iirst,  along  a  direction  a 
little  to  the  north  of  west  and  to  the  south  of  east.  Such  an  adhesion 
of  the  later  compression  to  the  direction  of  the  earlier  one  would  also 
result  in  a  minimum  of  crushing,  brought  about  by  torsional  stresses 
at  the  edges  of  the  block,  and  would  help  to  explain  the  small  develop- 
ment of  fault  breccias  within  the  area  of  the  basin.  The  assumption, 
moreover,  that  the  second  compression  of  the  area  followed  the  same 
general  direction  as  the  first,  is  at  the  same  time  the  simpler  and  more 
natural  assumption,  provided  the  one  compression  followed  closely 
after  the  other. 

B.  Discussion  of  the  amditions  nttendant  vpontlie  loccd  depi^ession 
of  a  amstal  hlock. — Wherever  depression  of  a  circumscribed  area  of 
the  earth's  crust  has  occurred  it  may  be  assumed  that  within  that  area 
support  from  below  has  been  less  or  the  load  greater,  perhaps  both,  than 
within  the  surrounding  territory.  The  area  of  depression  was  there- 
fore characterized  by  a  stress  component  which  acted  verticalh'  down- 
ward. If  we  choose  to  assume  that  the  surrounding  area  is  acted 
upon  by  vertical  components  of  stress,  the  direction  of  M^hich  is 
upward,  the  result  is  the  same.  At  points  distant  from  the  area, 
where  on  the  first  assumption  the  support  has  been  adequate  for  the 
load,  the  downward-acting  stress  difference  has  not  at  the  same  time 
existed.  Somewhere  l)etweon  the  local  area  and  its  surrounding  terri- 
tory, then,  there  must  be  a  closed  line  along  which  and  without  which 
there  has  been  no  vertical  stress  component.  This  line  may  be  desig- 
nated the  ')ii(irgin  of  the  area  of  no  vei'tical  stress^  or,  for  brevity, 
line  of  no  verfiml  stress.  This  line  is  a  fulcrum  line  from  which  the 
moments  of  the  load  upon  the  included  section  of  crust  nuist  be 
reckoned.  If  the  section  of  the  crust  has  an  extent  not  too  small 
when  compared  with  its  thickness,  it  fulfills,  before  depression,  the 
conditions  of  a  nearly  uniformly  loaded  girder  supported  at  the  ends — 
at  the  line  of  no  vertical  stivss.  The  capacity  of  this  girder  for  sus- 
taining its  load  will  be  dependent  upon  its  rigidity  and  upon  the 
distance  between  supports — its  rigidity,  size,  and  shape.  If  the  sec- 
tion of  crust  is  under  lateral  compression  it  will  receive  support  from 
its  strut  condition,  as  does  a  block  firmlv  held  in  a  vise.     If  the  lateral 
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compression  be  equal  from  all  directions  (h3^drostatic)  and  the  block 
be  homogeneous  and  without  readj'-formed  structure  planes,  it  should 
tend  to  rupture  under  the  moments  of  its  load  along  a  line  uniformly 
distant  from  and  within  the  line  of  no  vertical  stress.  If,  however, 
the  lateral  compression  be  different  in  different  directions  the  section 
of  crust  will  fulfill  the  anisotropic  conditions  of  an  anisometric  crys- 
tal— its  strain  ellipsoid  will  be  either  an  ellipsoid  of  rotation  with 
horizontal  axis,  or  a  triaxial  ellipsoid  with  its  greatest  and  least  axes 
in  the  horizontal  plane.  Under  these  conditions  there  would  arise, 
supposing  the  force  of  compression  to  be  sufficient,  dii-ectional  planes 
of  weakness  normal  to  the  directions  of  minimum  cohesion  and  corre- 
sponding to  the  cleavage  within  a  crystjil.  These  planes  are  not  frac- 
ture planes,  but  directions  along  which,  other  things  being  equal, 
rupture  will  first  take  place  under  stress. 

If  vertical  structure  planes  like  those  of  a  j)rimarj'^  system  of  disloca- 
tions already  exist  in  a  section  of  crust  the  lateral  stress  (compression) 
will  be  decomposed  along  the  planes  of  dislocation  into  a  component 
acting  horizontally  as  a  shear  along  the  surface  of  the  plane  and  a 
component  acting  normal  to  its  surface.  The  effect  of  the  normal 
components  would  be  to  produce  a  shear  along  the  diagonals  of  the 
blocks  inclosed  by  the  structure  planes. 

So  soon  as  a  system  of  dislocations  (properly  joints)  has  removed  the 
supporting  capacity  of  the  section  of  crust  regarded  as  a  girder,  there 
is  opposed  to  the  downward  component  of  stress  any  resistance  which 
as  a  strut  ma}'  result  from  the  compression.  There  is  further  to  be 
taken  into  account  the  fact  that  so-called  vertical  planes  converge 
downward  and  impose  a  restraint  upon  the  depression  of  a  crustal 
block.  This  restraint  is  applied  along  the  walls  onl}',  so  that  the  cen- 
tral portions  of  the  ])lock  tend  to  move  downward  faster.  Differential 
stresses  are  thus  induced  within  the  l)lock  itself,  the  moments  of  the 
force  at  any  point  in  the  ])lock  being  the  downward  component  of  the 
vertical  stress  into  its  distiince  from  the  nearest  wall.  Thus  the  block, 
if  sufficiently  large  in  comparison  with  its  thickness,  reproduces  the 
conditions  of  a  girder  supported  at  the  ends  and  uniformly  loaded,  and 
rupture,  if  it  occurs,  should  take  place  along  the  diagonals  of  the 
block.  The  effect,  therefore,  of  the  restraint  exerted  vertically  upon 
the  walls,  like  the  compression  which  acts  laterally  upon  the  block, 
tends  to  produce  fracture  planes  along  the  block  diagonals. 

The  theory  that  the  crustal  block  behaves  like  a  girder  is  based  upon 
the  assumption  that  its  thickness  is  not  too  great  in  comparison  with 
its  area.  The  ratio  of  thickness  to  lateral  dimensions  which  is  required 
to  induce  rupture  of  the  ])lock  under  the  conditions  stated  will  depend 
primaril}-  upon  the  ultimate  strength  of  the  I'ock  or  rocks  composing 
the  crustal  block.     The  strength  of  soft  shale  is  very  small,  and  a  com- 
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parativel}'  thick  crustal  block  composed  largel}^  of  this  material  might 
be  ruptured  under  the  conditions  stated.  Some  indication  of  the  thick- 
ness of  crustal  block  which  is  required  in  the  present  problem  is  per- 
haps to  be  found  in  the  estimates  which  have  been  made  regarding-  the 
depth  beneath  the  earth's  surface  at  which  cavities  in  rocks  would  close 
under  the  weight  of  superincumbent  loads.  If  this  depth  be  regarded 
as  that  of  potential  fluidity  or  of  rock  flowage,  it  may  perhaps  be  con- 
sidered as  the  bottom  of  the  crustal  block  which  is  here  under  consid- 
eration. According  to  Heim.^  the  depth  at  which  cavities  must  close 
is  less  than  5,000  meters.  Van  Hise  and  Hoskins,"  on  better  data,  have 
estimated  this  depth  for  an  area  under  strong  lateral  compression  as 
something  over  6,000  meters  (case  1),  or  a  little  less  than  4  miles.  The 
sizes  of  the  composite  blocks  of  the  Pomperaug  Basin,  in  which  the 
girder  condition  would  be  invoked  to  explain  diagonal  fault  planes, 
have  lateral  dimensions  of  about  1  b}^  2  miles,  2  by  3  miles,  and  3  by 
3i  miles,  respectively;  so  that,  provided  no  exceptional  and  local  influ- 
ences were  present  tending  to  raise  the  upper  surface  of  the  zone  of 
flowage,  the  blocks  in  question  would  by  these  estimates  be  each  some- 
what thicker  than  their  lateral  dimensions.  It  is  highly  probable, 
however,  that  special  local  conditions  did  exist  tending  to  raise  the 
level  of  rock  flowage.  In  fact,  some  such  condition  must  be  invoked  in 
order  to  explain  the  local  depression.  One  probable  cause  of  the  local 
elevation  of  the  zone  of  flowage  may  be  found  in  an  elevation  of  the 
isogeotherms  due  to  the  propinquity  of  the  reservoir  of  lava  which 
supplied  the  basalt  for  the  outflows  within  the  basin. 

In  order  to  estimate  even  roughly  the  strength  of  the  rock  girders 
here  under  discussion,  it  would  be  necessary  not  only  to  know  their 
thickness,  but  to  know  what  proportion  of  this  thickness  was  composed 
of  the  weak  Newark  sediments.  As  already  pointed  out,  the  thickness 
of  the  Newark  beds  is  unknown.  In  the  Pomperaug  Basin  the  thick- 
ness of  the  four  lower  n)cm])ers  of  the  series  has  been  determined  from 
a  well  boring  to  be  probably  not  far  from  1,200  feet.  The  Northamp- 
ton well  boring,  which  at  a  depth  of  3,700  feet  failed  to  pierce  the 
system,  would  seem  to  indicate  that  at  that  point  the  entire  series  is 
not  less  than  three-fourths  of  a  mile  in  thickness,  and  probably  much 
greater.  Of  this  thickness  all  but  a  few  hundred  feet  is  of  weak  shales, 
sandstones,  and  conglomerates,  the  residue  being  compact  basalt.  The 
lower  portion  of  the  crustal  blocks  must  have  been  composed  of  the 
crystalline  schists  and  gneisses,  since  they  compose  the  walls  of  the 
basin.     The  most  that  can  be  said,  perhaps,  regarding  the  strength  of 

> Untersuchungen  iiber  den  Mechnnismus  der  Gebirgsbildung,  etc.,  by  Albert  Heim,  Vol.  II,  Basel, 
1878,  p.  no. 

sprinciples  of  North  American  pre-Cambrian  Geology,  by  Charles  Richard  Van  Hise,  with  an  Appen- 
dix on  flow  and  fracture  of  rock>)  as  related  to  structure,  by  Leander  Miller  Hoskins:  Sixteenth  Ann. 
Kept.  U.  S.  Geol.  Survey,  Part  I,  189C,  pp.  1-874. 
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the  crustal  blocks  would  be  that  it  wus  certainly  much  inferior  to  the 
streno-th  of  blocks  of  similar  size  composed  entirely  of  crystalline 
rocks. 

It  is  in  the  southern  zone  of  the  Pomperaug  Basin,  where  the  large 
composite  blocks  have  been  carefully  studied,  that  they  are  found  to 
be  fractured  by  fault  planes  along  their  diagonals,  although  these 
fault  directions  are  not  generalh'  developed  in  other  parts  of  the  area. 
The  division  of  the  area  into  composite  1)locks  of  a  particular  shape 
can  perhaps  l)e  explained  by  the  compression  of  the  area  both  before 
and  during  its  depression  and  the  anisotropic  condition  which  is 
thereby  induced — a  condition  which,  as  has  already  ])een  pointed  out, 
calls  for  directional  planes  normal  to  the  lines  of  mininmm  cohesion, 
like  the  cleavage  planes  of  the  crystal.  The  1 : 2  ratio  which  throughout 
the  area  seems  to  have  controlled  the  shape  of  the  individual  and  many 
of  the  composite  ])locks,  and  the  simple  ratios  ol)served  between  the 
sides  of  particular  large  composite  l)l()cks  bounded  ))y  the  same  series 
of  fault  planes,  have  a  possible  explanation  in  this  condition. 

To  summarize  the  above  discussion,  the  facts  observed  in  the  Pom- 
peraug  Basin  seem  to  be  best  explained  b}'  assuming  a  compression 
of  the  New  England  area  by  a  force  which  acted  in  a  direction  al)out 
N.  80°  W.,  or  in  the  same  direction  as  that  which  produced  the  Appa- 
lachian folding.  The  zone  of  the  earth's  crust  now  exposed  at  the 
surface  was  at  the  time  of  the  compression  under  extremely  light 
load,  such  that  its  elastic  limit  and  its  ultimate  strength  were  nearly 
identical.  In  certain  areas,  such  as  thePomperaug  Valley,  conditions 
of  inadecjuate  vertical  support  existed,  tending  toward  a  local  depres- 
sion of  the  crust.  This  inadequate  support  of  the  crust  was  supple- 
mented by  the  rigidity  of  the  rocks  themselves,  l)ut  an  augmentation 
of  the  force  of  compression,  or  perhaps  an  earthquake  shock,  com- 
municated to  the  charged  system,  carried  the  tangential  stresses  which 
existed  in  consequence  of  the  compression  l)eyond  the  limit  of  strength 
of  the  rocks.  The  rupture  planes  (joints)  which  resulted  formed  a 
nearly  rectangular  system  of  vertical  prisms,  one  set  of  angles  of  which 
were  bisected  by  the  initial  direction  of  the  force.  By  a  renewal  of 
the  compression  along  essentially  the  same  direction  a  new  system  of 
dislocations  was  produced  along  those  diagonals  of  the  existing  prisms 
(single  and  double)  which  are  most  nearly  at  right  angles  to  its  direc- 
tion. While  still  under  compression,  probably  from  the  same  direction, 
depression  of  the  area  occurred,  owing  to  the  loss  of  rigidity  brought 
about  bj-  the  rupture  planes,  with  the  formation  of  composite  blocks 
which  together  were  bounded  by  fault  planes  of  the  existing  sj'stems 
of  joints.  The  shape  of  the  individual  and  composite  blocks  was  pos- 
siy)ly  determined  as  a  result  of  the  anisotropic  condition  of  the  medium 
due  to  compression  but  modified  by  the  preexistent  fault  planes. 
The  depressed  blocks,  owing  to  the  restraint  imposed  upon  them  in 
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the  form  of  vortical  stress  along  their  walls  and  of  lateral  stress 
decomposed  parallel  and  normal  to  their  walls,  were  fractured  along 
their  diagonal  planes.  Depression  of  the  area  continued  until  a  stable 
condition  was  secured  as  the  result  of  a  decrease  in  the  vertical  stress 
component  within  the  area. 

SECTION  7— SYSTEMS  OF  FAULTS  IN  OTHER  REGIONS. 

While  it  is  perhaps  only  rarely  that  areas  of  dislocated  strata  have 
been  examined  with  the  amount  of  detail  of  the  present  studj^  indica- 
tions arc  not  altogether  lacking  that  the  complexity  of  the  dislocations 
is  in  the  area  under  discussion  no  greater  than  in  some  other  areas,  in 
most  of  which,  however,  the  conditions  arc  not  so  favorable  for  study. 
The  complete  isolation  of  the  relatively  small  area  within  inclosing 
walls  of  crystalline  rock,  the  alternation  of  markedly  different  beds  in 
the  Newark  system,  the  ice  denudation  and  the  preservation  of  struc- 
tures due  to  the  resistant  quality  of  the  heavier  basalt  sheet,  the  nearly 
vertical  position  of  the  fault  planes,  but,  more  than  all,  the  light  loads 
under  which  dislocation  was  accomplished  (as  shown  by  the  absence  of 
folding  in  the  Newark  beds),  must  be  accounted  conditions  greatly 
favoring  a  determination  of  the  system  of  dislocations. 

Some  indications,  however,  of  a  conjugate  system  of  dislocations  is 
aflforded  by  the  Ci'etaceous  rocks  of  the  vicinity  of  Banon,  in  central 
France,  though  these  dislocations  are  believed  by  Kilian  ^  to  be  purely 
local.     He  says: 

To  summarize,  we  see  that  there  exists  in  the  region  of  fractures  of  Banon  two 
conjugate  systems  of  faults  sensibly  parallel,  and  directed  the  one  N.  10°  to  35°  E., 
the  other  N.  to  N.  25°  VV.  These  accidents  are  purely  local  and  disappear  promptly 
in  becoming  progressively  attenuated  to  the  northward  and  southward. 

These  fractures  recall  the  networks  obtained  by  MM.  Daubr^e  and  Tresca,  by  sub- 
mitting glass  plates  to  a  strong  torsional  force. 

Only  after  the  manuscript  of  this  paper  had  been  completed  did 
1  learn  of  the  very  interesting  monograph  by  Prof.  W.  C.  Brogger 
upon  the  system  of  faults  of  the  Langesund-Skien  region  of  Nor- 
way,' which  area  in  a  somewhat  remarkable  way  furnishes  a  par- 
allel to  that  of  the  Pomperaug  Vallev.  As  this  important  paper  seems 
to  have  been  so  generally  overlooked  by  structural  geologists,  and 
since  it  is  somewhat  inaccessible  to  readers,  I  shall  consider  its  con- 
tents rather  fully  and  translate  below  certain  portions  of  the  paper 
which  describe  features  similar  to  those  herein  described  from  the 
Pomperaug  Valley.  The  interpretation  put  upon  the  observed  facts, 
I  have  been  pleased  to  see,  corresponds  closely,  in  so  far  as  the  facts 


"Description  Rfologique  de  la  montagne  do  Lure  (ba-s-scs-alpcs).  by  W.  Kilian,  Paris,  1889,  p.  3(i(>, 
PI.  B. 

2 Spnltenverwerfungen  in  der  Gcgend  I.,angcsund-Skien,  by  W.  C.  Brogger:  Nyt  Magazin  for Naturvi- 
densknbenu'.  Vol.  XXVIIl.  IXM.  pp.  2.'j3-4iy. 
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are  the  same,  with  that  which  has  been  made  from  the  facts  observ-^ed 
in  the  Pomperaug  Valley. 

The  region  is  one  of  Paleozoic  sediments  surrounded  on  three  sides 
by  upland  areas  of  the  crystalline  complex  and  of  igneous  rocks,  while 
to  the  south  is  the  sea.  which  enters  the  low-lying  region  itself  in  a 
sj'stem  of  fjords.  The  Paleozoic  beds  are  everywhere  intersected 
by  an  elaborate  system  of  joints  which  fall  always  into  at  least  two 
parallel  series  nearly  normal  to  each  other.  These  two  series  are 
described  as  striking  the  one  N.  5-  to  10°  W.  and  the  nearly  normal 
series  east-northeast.  In  addition  to  the  prevailing  joint  series  diag- 
onal series  are  locally  developed,  as  are  also  in  some  localities  radial  fan- 
like systems.  That  one  of  the  prevailing  series  of  joints  which  strikes 
nearly  east-west  hades  near  the  vertical,  whereas  the  conjugate  series 
is  inclined  55'  to  75°  to  the  westward.  Since  the  northerly  striking 
fault  series  coincides  closely  in  direction  with  the  strike  of  the  Paleo- 
zoic strata,  and  since  the  average  dip  of  these  l)eds  is  fom  20^  to  25° 
to  the  eastward,  these  joint  series  are  both  nearly  perpendicular  to 
the  bedding  plane.  Regarding  the  relation  of  the  observed  faults 
to  the  principal  joint  series  (Hauptzerkliiftungssystemen),  the  author 
says:' 

The  observations  have  shown  that  the  dislocations  at  each  locality  follow  the  prin- 
cipal joint  systems,  and  that,  exceptionally,  larger  or  smaller  dislocations  are  present 
parallel  to  less  common  joint  systems.     *    *    * 

Less  common  are  the  dislocations  parallel  to  the  diagonal  joint  systems.     *    *    * 

In  seeking  a  cause  for  the  elaborate  system  of  joints  and  faults 
observed  in  the  Langesund-Skien  region  Brogger  accounts  first  for  the 
joints,  and  cites  Daubree's  experiments  to  show  that  rectangular  sys- 
tems of  dislocations  may  be  produced  either  by  a  torsional  force  or  by 
compression.  Accepting,  as  he  does,  the  probable  cause  of  the  joints 
to  be  in  part  horizontal  compression  of  the  strata,  it  follows  that  the 
direction  of  the  compression  nuist  be  one  of  the  two  directions  which 
bisect  the  network  of  prevailing  joints  and  their  parallel  faults.  Of 
these  two  directions,  the  one  trending  N.  30°  E.  corresponds  closely 
in  direction  with  the  axes  of  the  mountain  chains  of  Scandinavia,  of 
the  Paleozoic  flexures  of  the  Christiania  region  east  of  the  area 
studied,  and  also  with  the  direction  of  the  fissures  through  which 
the  great  masses  of  igneous  rocks  of  the  region  have  been  extruded; 
hence  he  has  assumed  that  the  pressure  which  resulted  in  the  forma- 
tion of  the  joints  acted  in  a  direction  normal  to  this,  or  N.  60°  W. 
Against  an  assumption  that  compression  is  alone  adequate  to  explain 
the  system  of  joints  and  faults,  Brogger  points  out  that  in  widely 
separated  parts  of  the  area  important  dift'erences  in  the  direction  of 
the  fissure  planes  are  noted,  and,  further,  that  joints  are  found  parallel 
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to  open  fissures,  which  he  would  therefore  ascribe  to  tension.  The 
bending  down  of  the  Paleozoic  strata  near  the  igneous  extrusions  on 
the  eastern  border  is  invoked  to  aid  in  accounting  for  those  joints 
which  are  not  vertical.  Since  the  joint  fissures  are  so  frequently  filled 
by  dikes  of  igneous  rock,  Brogger  is  inclined  to  connect  the  formation 
of  the  main  series  of  joints  with  earthquakes. 

To  explain  the  formation  of  the  faults,  which,  as  stated,  follow  the 
direction  of  the  joint  planes,  or,  in  other  words,  to  explain  the  displace- 
ments along  planes  parallel  to  the  jointing,  a  relative  sinking  of  crustal 
blocks  due  to  gravity  is  assumed.  Under  this  head  three  cases  are 
distinguished: 

(1)  The  dislocations  can  occur  either  through  simple  depression  along  vertical 
joint  planes  of  a  sufficiently  heavy  mass  of  .strata  which  is  not  hindered  by  its  attach- 
ment (Befestigung). 

(2)  Or,  when  the  joint  planes  are  inclined  a  slipping  down  of  the  hanging  wall  can 
occur;  or  when  a  block  slipped  down  between  two  parallel  joint  planes  a  gliding  of 
the  foot  wall  can  occasionally  occur. 

(3)  Or,  simultaneously  with  the  depression  or  gliding  down  of  a  mass  of  strata  a 
rotation  of  the  same  may  occur,  which  may  take  place  in  two  ways.  Either  (a)  the 
axis  of  rotation  can  lie  more  or  less  perpendicular  to  the  fault  jjlane,  in  which  case 
the  throw  of  the  dislocation  would  not  be  the  same  in  the  entire  extension  along  the 
fault  plane;  or  (b)  the  axis  of  rotation  may  lie  approximately  within  the  fault  plane, 
in  which  case  the  formation  of  open  fissures  along  the  fault  plane  must  occur. 

Since  the  formation  of  dislocations  can  not  go  on  along  a  single  fault  plane,  but 
naturally  along  a  numV)er  of  intersecting  planes,  so,  naturally,  a  sinking  may  occur 
along  one,  a  gliding  along  a  second,  a  sinking  or  gliding  combined  with  rotation  along 
a  third  plane,  etc. 

Sometimes  we  find  that  between  two  approximately  parallel  joint  planes  a  strip  of 
crust  is  relatively  more  depressed  than  the  portions  of  land  on  either  side.  Thus  a 
gutter  (Kinne)  is  formed  [examples  given].  These  can  naturally  be  evened  off  by 
later  erosions.  Conversely,  a  ridge  (Riicken)  can  remain  between  two  deeper 
sunken  blocks  on  either  side. 

When  between  four  joint  planes  which  cross  in  pairs,  or,  to  be  more  general, 
between  three  or  more  intersecting  joint  planes,  a  block  of  crust  is  sunk  relatively 
deeper  than  its  entire  surroundings,  a  deep  (Tiefe)  is  formed  [examples  given]. 

Conversely,  a  block  of  crust  surrounded  by  faults  can  remain  relatively  behind 
while  the  surrounding  land  has  been  depressed.  Such  crustal  blocks  (Land.stiicke) 
can  be  designated  islands  or  towers  (Thiirme)  [examples  given].' 

Regarding  the  elaborate  development  of  the  fault  system  Brogger 
says: 

In  the  little  strip  of  Paleozoic  formations  between  Langesund  and  the  Skiensthal 
we  have  before  us,  then,  a  section  of  country  which  is  penetrated  through  and 
through  by  faults  along  already  formed  joint  planes.  We  have  seen  that  the  lines 
of  landscape  are  given  by  the  principal  joint  systems.  These  have  reduced  in  part 
the  work  of  erosion,  in  part  they  have  allowed  numberless  dislocations  to  form  which 
offered  new  i)oints  of  attack  to  the  erosion.     *    *    * 

The  dislocati(jns,  that  is  to  say,  the  fault.s,  have  in  fact  cut  the  landscape  through 
and  through  and  not  alone  parallel  to  one  system  of  lines,  but  first  chiefly  parallel  to 

» Op.  eit.,  pp.  392-393. 
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two  principal  systems  (Haui)tsyKteiiien).  an'l  then  ali^o  })arallel  to  otlier  lesp  [)reva- 
lent  directions.     *    *    * 

If  we  consider  how  thickly  the  rocks  are  penetrated  by  very  small  faults,  it  follows 
in  fact  that  a  portion  of  crust  cut  up  in  this  fashion  is  built  up  like  separate  blocks  of 
masonry  (Quadern).' 

In  a  later  paper  describing-  tho  formation  of  tlie  Christiania  fjord, 
Professor  Brogj»'er'^  doscribes  stnutures  .similar  to  those  reviewed 
above  from  his  paper  on  the  Langesund  fjord,  which  is  but  a  short 
distance  farther  to  the  westward. 


» Ibid.,  p.  401. 

■- I'eber  die  BiUlunpsgeschichte  des  Kristianiafjords,  byW.C.  Brogger:  Nyl  Magazin  forNaturviden- 
skaborne,  Vol.  XXX,  ISfSO,  pp.  99,  :iil. 
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DT:GRADATIO]Sr. 

SECTION  I— THE   DRAINAGE   SYSTEM   OF  THE   POMPERAUG 
VALLEY  AND   ITS  VICINITY. 

THK    CRETACEOUS   PLAIN    OF    EROSION. 

The  Poniperauv  Basin  lies  within  the  area  of  the  great  Cretaceous 
plain  of  erosion  of  southern  New  England  which  has  been  so  fully 
described  by  Professor  Davis.'  This  plain  of  erosion  has  here  an  alti- 
tude of  something  less  than  1,000  feet  and  an  inclination  of  a  few 
degrees  to  the  south.  The  view  from  an}'  of  the  hills  in  the  vicinity 
exhibits  in  the  even  sky  line  the  position  of  this  plain.  The  highest 
point  of  the  basalt  ridges  within  the  basin  is  Bates  Rock,  whose  altitude 
is  700  feet;  whereas  the  hills  surrounding  the  vallej'  rise  to  altitudes  of 
900  to  1,000  feet.  This  fact  points  to  a  more  rapid  degradation  within 
the  basin  since  the  time  when  the  erosion  plain  was  elevated  and  tilted. 
During  this  period  subaerial  erosion  has  plainly  degraded  the  soft  sedi- 
mentary formations  of  the  basin  at  a  more  rapid  rate  than  it  has  the 
surrounding  crystalline  rocks,  but  the  dense  prisms  of  basalt  seem  com- 
petent to  withstand  in  an  exceptional  manner  the  action  of  atmospheric 
agencies.  Their  narrow  mural  and  tower  like  masses  are  not,  how- 
ever, so  well  adapted  to  withstand  a  mechanical  force  exerted  horizontally 
against  their  vertical  surfaces.  In  the  ice  mantle  of  the  Glacial  epoch 
they  have  been  subjected  to  a  force  of  this  nature,  and  in  the  succeed- 
ing section  I  shall  introduce  evidence  to  show  that  at  least  a  portion 
of  this  reduction  in  their  height  has  been  brought  about  by  the  ])reak- 
ing  off  of  portions  of  their  summits  in  the  form  of  huge  blocks,  which 
have  been  transported  to  considerable  distances.  The  horizon  line  of 
the  basalt  is,  however,  nota)>ly  regular,  which,  in  view  of  the  consider- 
able irregularities  which  it  nuist  have  presented  before  its  degradation, 
is  an  observation  of  much  signiticance.  The  view  of  the  ridges  from 
the  railroad  station  is  sufficiently  striking  in  this  respect.  This  plana- 
tion  I  am  inclined  to  ascribe,  thei-efore,  moiv  largely  to  ice  action  than 
to  the  ordinary  type  of  subai-rial  erosion. 

The  development  of  the  new  geologico-geographical  science  of  physi- 
ography, which  treats  of  the  sculpture  of  land  forms  under  atmos- 

>  Nat.  Geog.  Monographs,  Vol.  I,  No.  9,  pp.  269-304.  See, also,  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey, 
Pt.II,1898,p.l57etaeq. 
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pheric  influences,  has  focused  the  attention  of,  geologists  upon  a  series 
of  geographic  cj'cles  marked  off  by  epeirogenic  movements  of  the 
earth's  crust.  In  the  contemphition  of  the  striking  results  which 
have  flowed  from  these  studies,  observations  have,  I  believe,  too  often 
been  withdrawn  from  the  g'eological  structure  of  the  areas  examined 
and  the  influence  which  this  exerts  upon  the  sculpturing  of  the  physi- 
ographic features.  In  the  Pomperaug  Valley  it  is  easy  to  see  that  the 
geological  structure  has  exerted  a  profound  influence  upon  the  topo- 
graphic development  of  the  region.  This  appears  in  the  peculiar  out- 
lines  of    topograjihic    forms   and   in    the    drainage    system,    where 

geological  structure  has  largely  con- 
~  trolled  the  form  of  stream  channels 

and   the   direction    of    the    stream 

courses. 


i  I  CANAL-LIKK  CHANNELS  OF  STKKAMS, 

F.G.  .9.-Ca„al' like  ...annel  of  Itreams.  type  A.  ^^'i^h  the  eXCBptioH  of  the  Wood- 

bury  plain  and  the  other  wide  val- 
leys in  which  there  has  been  .some  meandering  of  streams,  the  charac- 
teristic form  of  stream  channels  within  the  area  of  the  Pomperaug  Basin 
is  that  of  an  artiflcial  canal  characterized  by  a  nearly  level  floor  of  uni- 
form width  and  ])y  straight  margins  from  which  the  banks  rise.  When 
in  rare  instances  the  streams  cross  an  elevated  area  of  basalt,  as  does 
the  Pomperaug  Rixcr  at  Pomperaug  village,  the  banks  of  the  river  may 
rise  from  the  river  bed  in  steep  cliffs  (fig.  49).  In  other  cases,  where 
the  banks  arc  sloping,  the  foot  of  the  slope,  by  its  rectilinear  extension 
parallel  to  a  similar  line  at  the  foot  of  the  opposite  l)ank,  affords  indi- 
cations of  the  graben  structure 
(fig.  50).  Instances  of  this  lat- 
ter kind  are  furnished  by  the 
Pomperaug    River    east    and  ]  \ 

southeast  of  Castle  Koc-k  (see  1  I 

fig.  41).     When  streams  have  |  I 

flowed    in    sandstones    or    con-  Kig.  50.-Canal-'like  channel  of  streams,  type  B. 

glomerate,  the  ready  erosion  of 

the  soft  l)eds  and  the  large  deposits  of  glacial  material  in  the  widened 
channels  have  destroyed  or  covered  the  original  graben  walls.  In  the 
crystalline  rocks  surrounding  the  valle}',  however,  canal-like  channels 
are  often  very  strikinglv  shown.  Particularly  is  this  true  of  the  north- 
ern wall  of  the  basin,  where  the  topographic  map,  PI.  XIV,  reveals  long 
rectilinear  stretches  of  stream  of  uniformly  low  grade,  which  suddenly 
come  to  an  end  in  an  alirupt  change  in  declivity  and  usually  by  change 
in  stream  direction  as  well.  By  the  broad  curves  of  the  contour  lines 
where  they  intersect  the  streams,  the  topographer  has  correctly  por- 
traved  tho  floor-like  ])ottoms  of  the  stream  channels,  which  are  here  so 
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characteristic  a  feature.  The  form  of  these  channels  is  probably  in 
many  cases  explained  by  the  presence  of  faults  at  the  margin  of  the 
river  bottom,  and  by  the  downthrow  of  the  included  orographic  block, 
or,  which  would  amount  to  the  same  thing,  the  upthrow  of  its  walls. 
In  the  Pomperaug  Basin  the  channel  margins  in  manj^  cases  coincide 
in  position  with  the  faults  which  have  already  been  described  in  the 
last  section.  It  should  not,  however,  be  forgotten  that  revived  drain- 
age is  characterized  by  sharply  cut  channels. 

ZIGZAG    STREAM   COURSES. 

In  some  places  the  streams  of  the  Pomperaug  Basin  have  long- 
stretches,  approximating  to  a  uniform  direction,  as,  for  example,  Nona- 
waug  Brook,  near  Minortown,  or  the  Pomperaug  itself,  near  Pomperaug 
village.  Represented  upon  the  map  of  the  basin,  these  river  stretches 
appear  usually  as  nearly  straight  lines.  Examined  at  the  locality, 
however,  it  is  found  that  this  general  direction  is  very  frequently 
maintained  through  a  series  of  zigzags,  first  to  the  right  and  then  to 
the  left,  or  perhaps  for  short  distances  along  the  general  direction 
itself.  This  zigzaging  of  the  stream  course  differs  from  the  ordinar}- 
meandering  of  streams  in  alluvial  bottoms  in  its  greater  regularity, 
but  chiefly  in  the  clear  indication  which  it  affords  in  many  cases  that 
the  course  is  a  broken  line  slightl}-^  rounded  at  the  angles,  and  not  an 
undulating  line,  as  is  the  course  of  stream  meanders.  In  other  words, 
the  stream  course  makes  sudden  changes  in  direction  to  produce  elbows 
like  those  of  an  eaves  gutter,  instead  of  sinuous  turns  like  the  bends 
in  a  flexible  hose.  A  good  illustration  of  the  structure  is  furnished 
by  the  canyon  of  the  Pomperaug  River  below  Pomperaug  village. 
Similar  elbows,  but  of  a  higher  order,  appear  upon  the  map  (PI.  XV). 

RELATION   OF    DRAINAGE   TO    PREEXISTING    FAULT   PLANES. 

If  now  the  drainage  system  of  the  entire  valley  is  studied  as  regards 
stream  direction,  it  is  found  that  this  is  in  harmony  with  the  fault 
system  of  the  region.  Not  onh'  do  the  stream  courses  have  long 
stretches  which  coincide  in  direction  with  the  direction  of  some  one 
of  the  prevailing  fault  series,  but  in  many  instances  one  or  more  indi- 
vidual faults  of  this  series  have  been  observed  in  immediate  proximit}' 
to  the  stream.  PI.  XV  has  been  prepared  by  tracing  the  drainage  sys- 
tem from  the  topographic  atlas  sheets  of  the  United  States  Geological 
Survey,  and  then  locating  from  the  geological  map  the  position  of 
observed  faults  which  are  in  proximity  to  water  courses.  The  same 
data  are  to  be  found  on  the  geological  map  of  the  region  (PI.  I), 
although  they  are  there  much  obscured  by  \\w  details  of  geological 
coloring  and  by  the  numerous  fault  lines. 

As  a  whole  the  river  courses  of  the  basin  show  the  same  sultdi- 
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visions  as  the  geological  map.  For  the  greater  portion  of  the  area 
the  streams  follow  in  a  rough  waj-  mainly  the  directions  of  the  four 
prominent  series  of  faults,  viz:  N.  ±5°  W.,  N.  ±54°  E.,  N.  ±15°  E., 
and  N.  ±  34^  W.  In  the  southern  portion  the  streams  follow  the 
N.  ±44°  "\V.  and  X.  ±61°  AV.  and  to  a  small  extent  the  N.  ±33°  E. 
directions,  as  well  as  the  prevailing  ones  of  the  region.  The  Sprain 
Brook  Valley,  northwest  of  Hotchkissville.  and  the  streams  by  which 
its  strike  is  continued  to  the  southeast  furnish  the  only  important 
instiince  within  the  basin  in  which  these  abnormal  fault  directions 
appear  to  have  influenced  materially  the  drainage  outside  of  the 
southern  zone. 

The  main  trunk  of  the  Pomperaug  and  Transylvania  Brook,  its 
principal  tributary  within  the  area  of  Newark  rocks,  for  the  greater 
part  of  their  courses  flow  N.  ±  5  -  W.  (or  S.  ±  5°  E.)  and  N.  ±  15°  E.  (or 
S.  ±15^  W.).  The  triV)utaries  which  enter  them  from  the  crystalline 
walls  of  the  basin  flow  in  the  western  wall  along  directions  approxi- 
mating to  S.  ±34^  E.,  in  the  northern  wall  along  S.  ±5°  E.  faults, 
while  in  the  northeastern  wall  they  follow  more  frequently  the  direction 
of  the  dislocations  trending  N.  ±54°  E.,  in  each  case  directions  nearly 
normal  to  the  trunk  streams  into  which  they  empty.  In  the  south- 
eastern wall  of  the  basin  less  uniformity  of  direction  is  observed,  the 
peculiar  fault  directions  of  that  zone  apparentl}'  in  large  part  control- 
ling the  drainage.  The  only  important  tril)utary  of  the  Pomperaug 
which  rises  in  the  inclosed  elevated  Newark  area  is  Poverty  Brook 
(see  also  PI.  VIII),  which  for  more  than  a  mile  flows  with  almost 
mathematical  accuracy  in  the  direction  S.  34°  E. 

The  large  regular  elbows  of  the  Housatonic  River  above  the  mouth 
of  the  Pomperaug  correspond  in  position  to  the  extension  of  important 
dislocations  observed  in  the  Pomperaug  Basin,  and  it  is  likely  that  the 
course  of  th(>  river  has  here  been  directed  by  the  same  structural 
conditions. 

The  general  harmony  of  the  stream  courses  with  the  series  of  dislo- 
cations ali-eady  mapped  having  been  determined,  the  question  may 
well  be  asked  whether  such  an  adjustment  of  the  drainage  system  to 
the  fault  system  can  be  accidental — whether  the  parallelism  observed 
is  a  mere  coincidence.  With  a  suflicient  number  of  fault  directions 
and  the  assumption  of  sufficiently  short  elements  of  the  stream  courses, 
it  would,  of  course,  be  possible  to  find  at  least  a  partial  parallelism  of 
any  two  systems  whatsoever.  The  establishment  of  a  causal  relation- 
ship of  the  one  system  to  the  other  will  be  the  more  certain  the  smaller 
the  number  of  fault  directions  employed  and  the  longer  the  stretches 
of  stream  course  within  which  essential  parallelism  to  any  of  the  fault 
directions  obtains. 

^Yithin  the  Pomperaug  Basin,  and  except  in  its  southern  zone,  where 
other  and  special  directions  of  faulting  are  discovered,  we  find  prac- 


C/} 

H 

hJ 

p 

<i: 

fc 

^       . 

^ 

Uj      s 

H 

^     ^ 

"^ 

W 

t 

5S 

Q 

og 

O 
^5 

^s  ^ 

r^ 

n^ 

:  H  wi 

ro 

^  ? 

^  K.S 

CO 

VAL 

ILLIAM 

0 

p:; 

rt* 

1' 

s  . 

^ 

b 

o 

K 

Oh 

cn 

PLATE   XVI. 


PLATE  XVI. 

HYPOTHETICAL  GKOLOGICAL  STRUCTURE  (DIAGRAMMATIC)  WITHIN  THE 
BASIN  OP  THE  SHEPAUG  RIVER,  TO  ACCOUNT  FOR  ITS  DRAINAGE 
PECULIARITIES. 

The  region  is  assumed  to  liave  been  dislocated  by  a  system  of  faults  similar  to  that 
observed  within  the  Pomi)eraug  Basin.  Upthrow  and  downthrow  of  individual 
blocks  and  grouping  of  these  on  the  basis  of  throw  into  composite  blocks  has  also 
been  a.«sumed  to  have  occurred  in  a  similar  manner.  Individual  faults  are  repre- 
sented on  the  map  by  lines  trending,  like  tho.se  of  the  Pomperaug  Valley,  N.  d=5°  W., 
N.  =t  54°  E.,  N.  it  15°  E.,  N.  =t  34°  W.,  and  N.  ±  90°  E.  The  altitude  of  indivi.lual 
blocks  is  indicated  by  the  depth  of  the  shades,  the  deepest  shades  representing 
blocks  standing  at  the  highe.st  altitudes.  The  nearly  white  areas  are  the  blocks  at 
the  lowest  altitudes,  and  the  areas  colored  in  intennediate  shades  are  blocks  ranging 
in  altitude  between  these  e.xtremes.  The  lighter  bands  upon  the  map  represent, 
therefore,  canal-like  trenches  (formed  by  graben)  which  the  river  discovered  and 
utilizetl  for  its  channel.  No  attempt  has  been  made  to  explain  the  deflecting  of 
streams  from  one  canal  to  another.  An  individual  block  at  a  higher  altitude  than 
its  neighbors  may  have  caused  the  deflection,  but  other  causes  might  be  suggested. 
The  map  is  intended  to  suggest  a  cause  of  the  directing  of  courses  in  correspondence 
with  the  general  fault  system  which  is  indicated.  The  river  itself  has  been  traced 
from  the  New  Milford  and  Danbury  topographic  atlas  sheets  of  the  United  States 
Geological  Survey. 
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tically  four  prev^alent series  of  parallel  faults,  which  diverge  from  one 
another  (their  nearest  neighbors  in  the  system)  at  angles  of  about  39^, 
20°,  29*-^,  and  92°.  A  difference  in  angle  between  a  fault  direction  and 
any  element  in  a  stream  course  of  7°,  or  about  one-third  of  the  small- 
est of  the  angular  intervals  in  the  fault  system,  would  produce  in  the 
distance  of  a  mile  a  divergence  of  the  two  directions  of  an  eighth  of  a 
mile,  or  one  in  eight,  a  divergence  which  platted  upon  the  general 
map  (PI.  XV)  would  hardly  be  accepted  by  the  eye  as  an  indication  of 
causal  relationship  of  the  one  direction  to  the  other.  The  instances 
where  streams  adhere  with  great  fidelity  to  one  of  the  four  fault  direc- 
tions for  considerably  longer  distances  are,  however,  not  rare,  and, 
considered  as  a  whole,  the  relationship  of  the  two  S3^stems  is  too  close 
to  be  accounted  for  solely  on  the  theory  of  coincidences.  This  subject 
will  be  further  elaborated  under  the  next  heading,  where  the  drainage 
system  of  the  Shepaug  River,  whose  basin  adjoins  that  of  the  Pompe- 
raug  upon  the  west,  is  treated. 

There  must  have  been  many  conditions  which  have  brought  about  the 
minor  irregularities  of  stream  courses  other  than  the  one  which  has 
just  been  discussed.  Though  the  crystalline  rocks  of  the  upland, 
regarded  as  a  whole,  present  as  great  uniformity  of  hardness  as  almost 
an}-  area  of  gneisses  that  could  be  selected,  yet  there  are  minor  differ- 
ences which  can  hardly  have  been  without  effect  in  shaping  the  courses 
of  streams.  More  important,  perhaps,  than  these  have  been  the  accumu- 
lations of  the  Glacial  epoch,  which  in  the  form  of  barriers  have  pro- 
foundly affected  the  drainage  of  the  region.  In  a  few  known  instances, 
and  in  a  large  number  of  inferred  examples,  within  the  general  area 
here  under  consideration,  the  waters  of  one  stream  have  been  diverted 
to  another,  or  the  course  of  a  stream  has  been  reversed  so  that  it  is 
compelled  to  flow  in  the  opposite  direction.  Important  as  such  changes 
have  been,  they  have  yet,  in  the  majority  of  instances,  affected  but 
little  or  for  but  short  distances  the  orientation  of  stream  channels. 
This  would  indicate  that  the  streams  had  become  firmly  intrenched  in 
the  tilted  Cretaceous  plain  of  erosion  prior  to  the  glacial  invasion,  and 
that  the  present  drainage,  moreover,  is  probably  adjusted  to  older 
channels. 

EVIDENCE  THAT  FAULTS  HAVE  CONTROLLED  THE  DRAINAGE  IN  THE  AREA 
OF  CRYSTALLINES  SURROUNDING  THE  POMPERAUO  BASIN. 

The  detailed  examination  of  the  crystalline  walls  surrounding  the 
Newark  area  has  revealed  the  position  of  faults  belonging  to  the  sys- 
tem which  obtains  in  that  area  itself,  and  it  has  just  been  shown  that 
these  have  controlled  the  directions  of  the  water  courses  of  the  vicinit}'. 
It  is  but  natural  to  inquire  whether  any  evidence  has  been  discovered 
which  indiciites  that  this  system  of  dislocations  extends  beyond  the  imme- 
diate borders  of  the  basin  into  the  great  area  of  the  crystalline  uplands. 
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The  Newark  rocks  being  there  lacking,  the  discov^ery  of  actual  faults 
within  the  crj-stalline  territory-  is  attended  with  great  dithculty  and 
uncertainty.  A  relation  having,  however,  been  established  between  the 
drainage  and  the  geological  structure  within  the  Pomperaug  region,  a 
possible  method  is  suggested  for  inferring  the  structure  of  the  sur- 
rounding territory  through  its  system  of  drainage.  It  is  easy  to  deter- 
mine whether  a  drainage  system  like  that  of  the  Pomperaug  is  of  the 
same  type  as  that  of  the  surrounding  territory,  or,  if  this  proves  not 
to  he  the  case,  whether  by  a  persistence  of  streams  along  certain  direc- 
tions any  indication  is  iitlorded  that  their  courses  were  subjected  to  a 
directing  influence  through  the  presence  of  preexisting  troughs  or 
channels. 

Adjoining  the  drainage  ])asin  of  the  Ponii)eraug  on  the  west  is  the 
basin  of  the  Shopaug  Rivei-,  both  rivers  alike  Howing  southwest  and 
emptying  into  the  master  stream,  the  Housatonic.  A  portion  of  the 
Shepaug  River  system  is  represented  in  PI.  XVI,  the  distant  head- 
waters not  being,  however,  included  in  the  plate.  This  course  of 
the  river  is  here  traced  from  the  New  Milford  and  Danbury  topographic 
atlas  sheets  of  the  United  States  (Jeological  Survey.  In  the  system 
of  this  river  the  alignment  of  streams  in  correspondence  with  the 
prevailing  fault  directions  of  the  Pomperaug  region  is  not  less  sti'ik- 
ingly  shown  than  is  the  case  in  the  original  area.  Starting  at  a 
point  about  12  miles  above  its  mouth,  the  course  of  the  river  is  nearly 
S.=fc34-  E. ;  then  for  about  4  miles  S.=t5°  E. ;  after  which  it  again 
turns  S.±34^  E.,  and,  reenforced  by  the  waters  of  Jack  Brook,  it 
pursues  a  course  S.  15°  W.  nearly  3  miles  before  beginning  its  final 
reach  of  a  mile  in  a  direction  S.±34-'  E.  and  entering  the  Housatonic. 
flack  Brook  for  nearly  3  miles  flows  S.±5°  E.,  and  after  turning 
westward  at  nearly  right  angles  to  this  direction  it  receives  a  tribu- 
tary which  faithfully  adheres  to  the  direction  of  its  own  initial  course. 
It  is  worth  noting  that  the  general  course  of  this  tributary  of  the 
upper  part  of  Jac-k  Brook,  the  course  of  Jack  Brook  itself,  and  the 
middle  reach  of  the  Shepaug  River,  not  only  lun  parallel  to  one 
another  in  the  direction  S.±5°  E.,  but  are  also  separated  from  one 
another  by  nearlv  equal  intervals  of  about  li  miles.  Other  tributa- 
ries of  the  Shepaug  River  follow  roughly  the  directions  N.±34°  W. 
and  N.±54°  E.,  and  the  same  orientation  of  stream  courses  extends 
to  the  smaller  as  well  as  the  larger  tributaries.  This  is  apparent  par- 
ticularly in  the  course  of  the  main  eastern  branch  of  Jack  Brook  and 
of  Roxburj^  Brook. 

The  drainage  of  a  larger  area,  of  which  the  Pomperaug  Valley  is 
the  center,  has  also  been  studied  from  the  atlas  sheets.  From  this  it 
will  appear  that  the  Pomperaug  system  of  dislocations,  which  was 
shown  to  have  influenced  so  largely  the  course  of  the  Shepaug  River, 
may  be  deduced  throughout  the  territory  studied.     It  is  unnecessary 
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here  to  call  attention  to  more  than  two  points  in  connection  with  this. 
These  are,  first,  the  way  in  which  the  master  stream,  the  Housatonic, 
seems  to  have  been  controlled  by  the  system;  and,  second,  the  con- 
formity of  the  smallest  tributaries  to  the  same 
controlliniy  system. 

The  Housatonic,  after  flowing  S.  ±5°  E.  for  a 
distance  of  about  3  miles,  b}'  a  series  of  sharp 
elbows  takes  the  direction  S.±61*^  E.,  to  which 
it  adheres  with  great  fidelity  for  a  distance  of 
3^  miles,  and  then  in  a  series  of  remarkal)l3' 
regular  zigzags  the  same  average  direction  is 
maintained  for  7  miles  more.  The  north-south 
limbs  of  the  larger  zigzags  correspond,  more- 
over, somewhat  closely  in  position  with  the 
extension  of  the  S.±5°  E.  reaches  of  Jack 
Brook  and  its  principal  tributary. 

Almost  as  instructive  is  a  study  of  the  minor 
streamlets  within  the  region.     A  normal  stream  etching  its  wa}'  into 
a  tilted  erosion  plain  which  was  formed  in  an  earlier  geographical 
cycle,  if  working  upon  uniform  rock  material,  and  further  if  unin- 
fluenced by  geological  structure  planes,  has  produced  when  its  mature 


Fig.  51. -Normal  twig-like 
branching  of  streamlets— the 
type  produced  in  homogene- 
ous rock  material  when  unin- 
fluenced by  geological  struc- 
ture ])lanes. 


Fig. 52.— Streamlet  brauchiiigsof  the  abnormal  typo  found  in  the  area  in  and  about  the  I'omperaug 
Valley,  a  and  ),  streamlet.s  controlled  by  two  sets  or  pairs  of  fault  planes.  6  and  c,  streamlets 
preponderantly  controlled  by  a  single  series  of  parallel  planes;  </,/,  and  A,  by  a  nearly  rectangular 
sy.ttem  of  fault  planes,  e  and  g,  streamlets  indicating  that  neighboring  streamlet  branchings  have 
been  controlled  by  the  same  fault  plane.  The  side  streamlets  of  tj  indicate  control  by  a  second 
series  of  faults. 


stage  is  reached  a  ramifying  .system  of  Inanching  tributaries,  the 
arms  of  which  in  the  primary,  secondary,  tertiary,  or  higher  orders 
meet  their  respective  trunk  streams  at  acute  angles,  which  are 
determined  by  the  graditMit  of  the  original  erosion  plane  and  l)y  the 
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resistance  of  the  rock  material  to  erosion.  The  streamlets  at  the 
headwaters  of  a  stream  by  their  junction  with  one  another  will 
therefore  under  normal  conditions  produce  a  twig-like  structure, 
which  may  be  fairh'  represented  by  fig.  51.  Variations  from  this 
normal  type  are  the  rule  rather  than  the  exception  in  the  region  we 
are  stud^-ing,  variations  which  can  in  manj'  cases  at  least  be  shown 
to  be  unrelated  to  the  underl3ing  rock.  Moreover,  these  twigs  dis- 
play in  their  peculiarities  directing  influences  along  two  or  more 
rectilinear  directions  (see  fig.  52).  In  some  instances  they  indicate 
a  simple  network  formed  of  two  sets 
of  parallel  intersecting  lines  {d.,  ff,  /i); 
at  otlier  times  a  third  set  of  intersect- 
ing lines  is  apparent  in  the  network 
(y).  Not  infi-equently  a  majorit}^  of 
the  minor  twigs  have  their  tips  turned 
all  in  a  single  direction  (/>),  a  straight 
twig  nun'  nieet  its  trunk  in  the  abnor- 
mal (backward-pointed)  position  oppo- 
site a  similar  twig  in  the  normal  posi- 
tion (c),  or,  further,  a  twig  may  branch 
at  its  tip  in  directions  nearly  normal 
to  its  stem  {(').  One  of  the  best  indi- 
cations that  geological  structure  planes 
have  influenced  the  direction  of  a 
stream  is  afforded  when,  having  de- 
parted from  an  original!}^  straight 
course,  the  stream  returns  to  pursue  it 
again  (as  may  be  noted  of  the  Shepaug 
River),  or  when  the  streamlet  twigs  of 
different  branches  are  arranged  along  a  single  straight  line  (y,  e  of 
fig.  52).  Very  peculiar  fonns  result  when  different  parts  of  a  single 
twig  have  been  influenced  to  take  directions  corresponding  to  the 
different  networks  (a,  i). 


(After  DaubK-e.) 


NETWORKS   OF   WATER   COURSES    IN    OTHER   AND    DISTANT    REGIONS. 


Daubree  *  has  called  attention  to  the  orientation  of  water  courses  in 
perfect!}'  analogous  networks  in  a  luuuber  of  districts,  butimrticularly 
those  of  France.  One  such  locality  is  described  in  the  environs  of 
Joigny  (Yonne),  representing  the  plateau  of  Charny.  This  is  repro- 
duced after  Daubree  in  fig.  53.  He  has  explained  this  network  of  water 
courses  as  due  to  the  existence  of  a  number  of  sets  of  intersecting 
joint  planes  (reseaux  reguliers  de  cassures),  whose  strikes  are  parallel 
to  the  individual  straight  elements  in  the  water  courses.     Where  the 

1  Op.  cit.,  p.  361,  PI.  III. 
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streams  have  followed  the  joint  planes,  he  has  assumed  that  the  joint 
plane  was  gaping,  its  wandering  from  the  plane  being  explained  hy 
local  closure  of  the  fissures. 

The  dells  of  the  Wisconsin  River  near  Kilbourn  City  are  tributarj'^ 
streams,  with  zigzag  courses,  the  straight  elements  of  which  follow 
two  nearl}'  rectangular  and  one  or  more,  though  less  common,  diago- 
nal directions.  Van  Hise^  has  explained  this  by  assuming  the  exist- 
ence of  a  regional  set  of  joints,  produced  b}^  the  slight  folding  of  the 
Paleozoic  formations  of  Wisconsin.  Buckley  has  noted ^  the  joint 
strikes  at  several  hundred  localities  within  the  State  of  Wisconsin, 
and  finds  that  in  the  sedimentary  rocks  they  fall  mainly  in  two  rec- 
tangular sets  of  pairs,  which  strike  approximately  in  the  directions 
northeast  to  southwest,  northwest  to  southeast,  north  to  south,  and 
east  to  west. 

The  most  important  papers  known  to  me  which  bear  upon  this 
question  of  oriented  drainage  lines  are  those  of  Brogger,'  which 
have  alreadv  been  discussed  as  regards  their  revelations  of  geological 
structure  (see  pp.  133-136). 

The  observations  and  deductions  of  the  distinguished  Norwegian 
geologist  are  in  man}^  respects  strikingly  similar  to  those  here 
described,  though  the  Norwegian  area  has  been  partially  drowned  by 
the  submergence  of  its  deeper  valleys.  So  far  as  the  facts  are  the 
same  the  interpretations  have  in  the  main  followed  the  same  direction 
for  the  two  widely  separated  areas.  Referring  to  the  Langesundf  jord- 
Skien  district,  Brogger  says: 

It  is  impossible  to  deny  the  great  significance  of  the  joint*  .system  for  tlie  sniiace  of 
the  region  in  question. 

As  a  general  rule  it  holds  for  the  entire  extent  of  territory  that  the  steep  rocky 
walls,  like  the  narrow  fissure  valleys  and  clefts,  are  bounded  and  their  courses  deter- 
mined by  the  joint  planes,  while  the  gentle  slope  of  the  N.-S.  to  NW.-^SE. 
striking  ridges  is  dependent  upon  the  dip  of  the  beds. 

While  the  cutting  of  the  rocks  into  steep  walls  is,  in  the  first  place,  dependent 
upon  the  joint  planes,  the  faults  enter  as  decidedly  the  most  important  factor  in  the 
formation  of  the  valleys  for  the  entire  extent  of  the  area.  It  is  not  exaggerated 
when,  to  my  own  astonishment,  I  must  state,  as  the  final  result  of  my  observations 
in  this  region,  that  almost  every  valley,  every  canyon  is  formed  along  a  fault  cleft. 
It  is  here  superfluous  to  recount  as  exam[)les  all  the  observed  faults.*  In  fact,  the 
observations  on  the  most  southern  stretch  between  Rogn.«trand  and  Langoshow  that 
each  deep  embayment,  each  valley  or  canyon  ascending  from  the  same,  follows  a 
larger  or  smaller,  and,  in  the  majority  of  cases,  absolutely  determined,  fault  i)arallel 
to  the  nearly  N.-S.  striking  fault  series;  likewise  that  in  the  Brevik-Porsgund 

'Origin  of  the  dells  of  the  Wisconsin,  by  C.  R.  Van  Hise:  Trans.  Wisconsin  Acad.  Sci.,  Vol.  X,  1895, 
pp.  556-560. 

"On  the  building  and  ornamental  stones  of  Wisconsin,  by  K.  It.  Buckley:  Bull.  Cool,  iiiul  Xat. 
Hist.  Surv.  Wis.,  No.  4,  1898,  pp.  450-J60,  PI.  XUX. 

'Spaltenverwertungcn  in  der  Gegcnd  Langcsund-Skien,  by  W.  0.  Brogger:  Nyt  Magazin  for  Natur- 
videnskabeme.  Vol.  XXVIII,  1881,  pp.  2.53-119,  with  map.  Ueber  die  Bildungsgeschichte  des  Kris- 
tianiafjords,  by  W.  C.  Brogger:  ibid..  Vol.  XXX,  l.Sf<6,  pp.  99-231. 

<0p.  cit.,  p.  3-11.  ,  'Given  in  detail  in  earlier  sections  of  the  paper.     W.  ir,  H. 
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stretch  almost  every  (perhaps  every)  tanyoii  and  each  canyon-like  valley,  which 
near  Friorfjord  indents  the  continuou.s  rock  wall,  follows  a  fanlt  fissure  parallel  to 
the  nearly  W.-E.  striking  fault  plane!^.  Even  the  clefts  (topographic  forms  known  as 
"Kloven")  so  characteristic  of  Langi)  and  Langesundstangen  are  formed  after  fault 
clefts;  and  the  straits,  which  raised  above  the  sea  would  appear  as  valleys,  are 
formed  along  the  fault  clefts.     *    *    * 

The  significance  of  the  faults  for  the  formation  of  the  valley  straits  is  thus  as  pro- 
found as  possible  within  the  stretch  of  land  described,  since  almost  every  cleft,  every 
vale,  every  bay,  has  been  formed  upon  a  line  of  dislocation;  indeed,  the  presence  of 
clefts  was  for  me,  at  the  last,  the  surest  index  for  the  discovery  of  dislocations.' 

The  explanation  offered  by  Professor  HrOj^jifer  for  the  observed 
relationship  of  the  drainaj^e  .system  to  the  joint  and  fault  systems  is  as 
follows: 

It  is  now  conunon  to  all  these  canyons  or  canyon  valleys  that  the  bottoms  of  the 
same  are  always  so  covereil  over  that  rocks  are  nowhere  exposed  in  i)lace — a  contrast 
to  the  steep  plane  walls,  which  apjx'ar  as  though  cut  out  with  a  knife.  This  condition 
api)ears  to  me  to  indicate  that  these  canyons  and  canyon  valleys  are  often  split  very 
deep.  Tlieir  formation  can  naturally  be  explained  in  different  ways — either  (1)  in 
great  part  through  simple  gaping  of  the  fissure  (this  has  above  been  assumed  as  a 
partial  explanation  «  f  the  original  formation  of  the  sound  of  Brevig) ;  or  (2)  through 
gliding  down  of  the  sunken  ma.«s  of  strata  along  a  fault  i)lane,  which  had  a  .somewhat 
different  inclination  than  that  according  to  which  the  clefts  are  cut  out;  or  (3)  a 
generally  wedge-shajied  block  may  have  been  sunk  between  two  i)arallel  or  down- 
ward converging  joint  ])lanes  by  the  masses  of  strata  (on  either  side)  separating  a 
little  from  one  another.  That  such  sinking  in  has  actually  occurred  in  some 
instances  is  pnjved  by  the  sunlven  block  between  Tangevaldkleven  and  Fjeldstadkle- 
ven,  etc.  Finally  (4),  a  narrow  l^lock  made  l)y  the  faulting  has  been  crushed 
(zcrquetscht  o<ler  zerstiickelt)  into  fragments  between  two  or  more  parallel  joint 
planes  in  such  a  manner  as  to  be  subseciuently  easily  removed  by  erosion,  and  thus 
through  it  the  loom  of  the  valley  be  formed.  Such  strongly  crushed  intervening 
blocks  I  liave  observed  as  a  by  no  means  rare  phenomenon. 

In  one  of  the  aljove-mentioned  ways  I  believe  that  the  narrow  canyons  and  cross 
valleys  have  been  originally  formed;  nearly  all,  if  not  all,  are  related  to  faults  (stehen 
mit  Yerwerfungen  in  Verbindung)  and  are  true  fault  clefts.  Naturally  it  is  not  my 
intention  by  this  to  deny  that  erosion  also  has  in  general  gradually  worked  along 
the  clefts  opened  in  any  of  the  mentioned  ways,  but  erosion  alone  has  not  opened 
the  clefts,  for  otherwise  it  would  be  inexplicable  why  faults  should  always  occur 
together  with  them. 

In  most  of  the  cro.ss  valleys  we  find,  liowever,  although  tlie  faults  are  present,  the 
cleft  formed  is  either  no  longer  present  or  is  only  locally  to  be  seen.  In  most  cases 
we  must  then  a.ssume  tliat  erosion  has  erased  (ausgewischt)  the  characteristic  fault 
deft.  This  holds  also  for  the  longitudinal  valleys  which  occur  along  dislocation 
lines;  *  *  *  the  characteristic  cleft  formation  is  only  locally  jjre.served,  and 
indeed  chiefly  along  the  coast  line.  In  the  interior  of  the  country,  for  example, 
between  Tangvald  and  Langesund,  one  can  easily  walk  over  the  faults  without  the 
landscape  revealing  anything  of  them.  Only  the  exact  knowledge  of  sedimentation 
can  here  ser\-e  for  orientation.  Thus  the  fault  lines  are  in  part  quite  generally  erased 
in  spite  of  the  fact  that  they  had  the  most  profound  original  significance  in  the 
sculpturing  of  the  landscape,  now  for  the  most  part  to  be  detected  only  by  careful 
observation,  although  in  many  places  most  striking  and  in  general  so  persistent  that 
almost  every  valley  and  every  depression  corresponds  to  a  line  of  dislocation.^ 

1  Op.  cit.,  pp.  341-»42.  =Op.  rit.,  pp.  3».>-397. 
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The  foriiKT  head  of  the  geological  .survey  of  Norwa}',  I'rof.  Th. 
Kjerulf,  from  .study  of  the  topographic  niap.s  of  Norway,  wa.s  led  to 
believe  that  the  bounding  line.s  of  the  valleys,  lake.s,  and  f  jord.s  of 
Norway  were,  almost  throughout,  the  courses  of  lines  of  dislocation. 
Except  in  a  few  small  districts  such  as  those  described  ])y  Brogger  this 
has  not,  so  far  as  I  know,  been  confirmed  by  actual  stud}'  in  the  field. 

OllIGIN    OF    THK    RIVER    NETWORKS    IN    THE    POJIPERAUG    REGION. 

There  are  obviously  a  number  of  ways  in  which  the  dislocations  of 
this  region  might  be  made  to  account  for  the  orientation  of  stream 
cour.ses.  The  direction  of  streams  by  the  joint  or  fault  planes  them- 
selves may  be  competent  to  explain  the  network  indicated,  more  par- 
ticularly if  the  streams  began  their  cutting  in  the  soft  Newark  sedi- 
ments, which  easily  sustain  secondary  fractures  near  fault  planes. 
That  some  voids  occur  along  the  fault  planes  of  the  Pomperaug  Valley 
would  seem  to  be  indicated  by  the  fact  that  these  planes  have  con- 
ducted the  underground  waters  to  the  surface  at  so  many  places  within 
the  area  of  the  Newark  rocks.  Tension  joints  should,  however,  be 
more  effective  than  compression  joints  in  the  orienting  of  drainage 
lines,  if  it  be  assumed  that  the  gaping  fissure  planes  have  directed 
the  streams  in  their  courses.  The  presumptive  evidence,  however,  is 
here  in  favor  of  the  former  development  of  the  Newark  rocks  over  a 
considerably  larger  territory  than  that  which  they  now  occupy. 

It  is  an  observation  of  much  interest  that  the  minor  twig-like 
branches  of  the  streams,  which  in  the  deeph'  eroded  mass  of  crj'stal- 
lines  must  have  been  adjusted  after  the  capping  of  sandstones  had 
been  removed,  show  an  equally  strong  tendency  w'ith  the  master 
streams  to  follow  the  special  directions  indicated  by  the  S3'stem  as  a 
whole,  and  this  may  perhaps  indicate  that  they  were  adjusted  to  the 
earlier  drainage  lines  in  the  deeph^  eroded  mass  of  crystallines  after 
the  capping  of  sandstones  had  been  removed. 

The  study  of  the  fault  system  of  the  Pomperaug  Basin  offers,  how- 
ever, another  rational  and  natural  explanation  of  the  network  of 
streams,  provided  the  a.ssumption  is  made  that  the  drainage  is  adjusted 
to  that  formed  in  the  geogi-aphic  cycle  which  succeeded  the  deforma- 
tion of  the  area.  The  system  of  parallel  faults  has  divided  the  area 
into  vertical,  triangular,  rhombic,  or  rhoml)oi(lal  prisms,  which  stand 
at  different  relative  altitudes.  These  prisms  are  found  to  be  grouped 
into  composite  blocks  of  increasingly  higher  orders,  the  peculiar  prop- 
erty of  each  of  which  is  that  the  average  altitude  of  its  component 
prisms  approximates  (however  roughly)  to  a  fixed  value — the  com- 
posite l)locks  have  an  average  level  surface,  although  alternate  prisms 
or  alteiiiate  subordinate  blocks  project  above  or  stand  below  the  gen- 
eral level.  The  initial  surface  formed  by  these  prisms  would  be 
maiked   ]»y  canal-like  structure   trenches   (gral)en)  which   follow  the 


150 


NEWARK    SYSTEM    OF    POMPEKAUG    VALLEY,    CONN. 


direction  of  fault  planes  and  which  have  stronger  directive  power  as 
regards  streams  at  the  junction  of  the  trenches  and  at  the  crossings 
with  the  smaller  branches  of  other  series.  This  will  l)e  illustrated  by 
PI.  XVI,  which,  so  far  as  its  tinting  and  the  actual  location  of  fault 
lines  are  concerned,  is  hypothetical.  This  map  is  constructed  on  the 
plan  of  some  contour  maps,  in  so  far  as  the  areas  of  highest  altitude 
are  marked  by  the  deepest  shades  and  those  of  lower  altitude  b}- 
increasingh"  lighter  tints.  The  nearly  white  bands  on  this  map,  and  in 
a  less  degree  those  of  medium  tints,  we  will  suppose  to  mark,  then,  the 
more  or  less  persistent  depressions  of  the  initial  post-deformation  sur- 
face, which  had  been  adopted  by  the  streams  before  base-leveling  had 
occurred.  This  plate  then  represents  in  a  very  diagrammatic  manner 
the  supposed  sti'uctui-e  and  the  original  surface  of  the  territory  into 
which  the  Sliepaug  Kiver  has  intrenched  itself,  and  in  a  general  way 
also  a  structure  -which  Avould  account  for  the  drainage  of  the  adjacent 
territoi-v. 


SECTION   2. 


PHYSIOGRAPHIC  FEATURES  OF  THE  POMPERAUG 
BASIN. 


The  geological  structure  of  the  Pomperaug  region  may  )je  read  not 


in  the  water  courses  alone 


their  canal-like  channels,  their  "eaves- 
gutter"  zigzags,  and  the  directing  of 
their  courses,  but  also  in  topographic 
relief  forms. 

Checkerhoard  topograj>liy. — At  man}' 
localities  in  the  Pomperaug  Basin, 
even  where  cliffs  haAe  not  been  de- 
veloped and  where  outcroppings  of 
rock  n)ay  be  few  or  even  lacking,  the 
modeling  of  the  topography  to  the 
f  oiTn  of  a  checkered  s^'stem  is  so  strik- 
ing as  to  arrest  the  attention  of  an}^ 
one  accustomed  to  observe  topo- 
graphic peculiarities.  Perhaps  no  bet- 
ter illustration  of  this  could  be  given 
than  the  wide  eastward  slope  rising 
from  the  cascade  in  Transylvania 
Brook,  a  slope  bare  of  outcrops  save 
for  a  single  probable  exposure  of  the 
schist,  but  a  slope  on  which  mound- 
like elevations  bounded  by  zigzags  of 
straight  elements  produce  at  a  distance 
the  impression  of  artificial  earthworks. 
This  is  seen  to  special  advantage  from 
almost  any  point  on  the  opposite  slope  of  the  valley,  although  it  exhibits 
too  small  relief  to  appear  upon  the  topographic  map.     A  modification 


Fig.  54.— Topography  of  ridges  near  the  oil 
well   on    the    Truman    Wheeler   place, 

Southburv. 
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<"IG.  55.— Typical  inglenook  of  Squaw  Kock,  nem 
Britain.    Scale,  3  inches  equals  one  mile. 


of  this  structure  is  exhibited  h}-  the  ridg-e  of  vesicular  (main)  ))usalt 
northwest  of  the  oil  well  on  the  Wheeler  place.  So  marked  is  the 
structure  in  this  vicinity  that 
the  positions  and  directions 
of  faults  ma}'  be  roughly  de- 
termined (tig.  54). 

Where  developed  on  a  larger 
scale  such  structures  mav  be 
read  directly  from  the  map. 
In  the  northern  wall  of  the 
basin,  particularly  to  the  north 
of  Woodbury  and  in  a  larger 
way  in  the  nortliwestern  wall, 
such  a  checkered  topograph}- 
is  apparent.  West  of  Ragland 
a  deep  indentation  of  the  basin 
wall  reveals  like  characters  in 
the  relief. 

I  ha\e  already  called  atten- 
tion   to    the    striking    topo- 
graphic   peculiarities   of   the 
Orenaug  district,  in  which  a  great  number  of  tilted  prismatic  blocks 
produce  the  etfect  of  tilted  floating  blocks.     This  topograph}',  which 

ma}'  be  referred  to  as  the  '"float- 
ing block  topography,"  except 
for  its  small  scale,  is  similar 
to  that  described  by  Gilbert  in 
the  Great  Basin  under  the  name 
of  Basin  structure.  On  a  still 
smaller  scale  the  same  kind  of 
structure  produces  hummock}' 
plane  surfaces,  such  as  have 
been  described  fi-om  the  east- 
ern twin  of  Orenaug  Hill  (see 
PI.  XIII). 

Ra  mjya  rt  dopes.  — P  a  r  t  i  c  u  - 
larly  in  the  crystalline  basin 
walls,  where  large  displace- 
ments have  occurred  with  dis- 
tribution of  throw  over  a  com- 
paratively wide  zone,  the  effect 
produced  is  that  of  a  series  of 
steps,  or  better,  in  view  of  the 
talus  slopes,  of  the  ramparts  of 


Fio.  56.— Very  deep  inglenook  of  the  HoU•hki^^.sville 
VBlley.    Scale,  3  inches  equals  one  mile. 


a  fortification.     The  best  illustration  of  this  type  of  slope  is  furnished 
bv  the  long  northward-trending  wall  west  of  Ragland. 
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FiigJenooks. — The  peculiar  indentations  of  the  basin  walls  caused  by 
the  downthrow  of  orographic  blocks  furnish  a  type  of  physiographic 
feature  which  has  not,  I  believe,  been  recognized  hitherto.  The  pecul- 
iarities of  these  indentations  in  the  basin  wall,  for  which  I  propose 
the  name  "inglenook,"  arc  their  approach  to  a  prismatic  form,  their 
steep  walls,  their  wide  and  nearly  level  floors,  and  the  inadequacy  of 
their  present  drainage  to  explain  their  formation.  In  some  of  them 
thei'c  are  minor  streams  flowing,  l)ut  in  othex-s  streams  are  entirely 
lacking,  the  run  off  from  their  small  drainage  areas  being  distributed 
over  steep  slopes  and  passing  into  the  loose  talus  or  gravel  of  their 
floors.  Figs.  55-5"  represent  three  inglenooks  from  the  Pomperaug 
Basin,  the  one  at  Squaw  Hock  near  South  Britain  serving  as  the  type. 
The  deep  inglenook  which  forms  the  Ilotchkissville  \'alley  has  remark- 
ably regular  outlines,  and  it  indicates  that  the  downthrown  block 
which  has  produced  it  is  bounded  by  the  N.  zh  5^  W.  and  N.  ±  90^^  E. 


faults.  It  is  prolonged  southward  and  connected  with  the  l)asin  by 
the  Sprain  Brook  gorge,  which  is  formed  in  a  similar  manner  }>y  the 
downthrow  of  a  block  of  schist  having  nearly  the  same  width  and 
bounded  by  N.  ±  3-i°  W.  and  N.  ±  64"  E.  faults,  (See  general  topo- 
graphic map,  PI.  XIV.)  It  is  on  the  east  of  this  block  that  the  unit 
blocks  of  similar  shape  which  have  been  described  (p.  109)  arc  found. 
A  third  and  oblique  typ(>  of  inglenook  is  that  which  indents  the  western 
basin  wall  about  2  miles  south  of  South  Britain  (fig.  57).  The  fourth 
well-marked  inglenook  indents  the  southern  wall  of  the  basin  1^  miles 
southeast  of  South  Britain.  This  inglenook  is  bounded  on  the  east  and 
west  by  faults  trending  N.  ±  44°  W.  and  connecting  with  the  bounda- 
ries of  the  Squaw  Rock  inglenook  west  of  South  Britain. 

SECTION  3.— EROSION   HISTORY  OF  THE  POMPERAUG  RIVER. 

The  erosion  history  of  the  Pomperaug  River  has  been  an  interesting 
one,  marked  in  a  late  stage  by  a  complete  reversal  of  the  drainage  in 
a  portion  of  its  basin.     The  peculiar  conditions  which  seem  to  have 
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MAP  TO  ILLUSTRATE  THE  SUPPOSED  STAGES  IN  THE  EROSION  HISTORY 
OF  THE  POMPERAUG  BASIN  IN  THE  CYCLE  WHICH  WAS  INITIATE])  BY 
THE  ELEVATION  AND  TILTING  OF  THE  CRETACEOUS   PLAIN  OF  EROSION. 

Infantile  stage.  The  course  of  the  river  is  down  the  Hloi)e  of  the  Cretaceous  plain 
of  erosion,  modified  by  the  valley  of  the  master  stream  (Housatonic)  to  which  it  is 
tributary,  and  probably  also  by  the  existent  drainage  lines  of  the  tilted  erosion  plain. 

Youthful  stage.  The  divide  has  become  intrenched  in  the  soft  beds  of  shale  and 
sandstone.     Tributaries  enter  in  the  normal  manner,  but  along  fault  trenches. 

Lake  stage.  By  the  deepening  of  its  bed  the  river  discovered  the  underlying  gneiss 
and  schist  in  an  upthrown  block,  and  began  to  develop  above  it  a  new  plain  of  ero- 
sion. Above  this  obstruction  a  lake  has  been  formed  either  by  subsequent  elevation 
of  the  block  or  by  the  formation  of  a  dam  of  glacial  drift  after  a  migration  of  the 
divide  between  the  youthful  Pomperaug  and  its  main  eastern  tributary  and  the 
upthrown  schist  block. 

Mature  (present)  stage.  The  main  eastern  tributary  in  the  lower  reach  of  the 
river  liaving  accjuired  an  atl vantage  in  declivity  of  its  headwaters,  has  pushed  back  its 
divide  along  the  sandstone  of  the  eastern  valley  so  as  completely  to  circumscribe  the 
area  of  basalt,  capture  the  headwaters  of  the  river,  and  partially  drain  the  lake. 
Where  it  has  been  compelled  to  cross  the  basalt  (as  elsewhere)  the  river  has  chosen 
its  course  over  downthrown  blocks  lined  by  upthrown  blocks  (graben),  in  doing 
which  it  has  discovered  the  upper  surface  of  basalt  in  the  bottom  of  its  channel  at 
Pomperaug  village,  and  thus  formed  a  new  plain  of  erosion. 
1.54 
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boeii  mainly  responsible  for  this  are:  (1)  The  Cretaceous  plain  of  ero- 
sion, whose  former  drainage  and  whose  gentle  southeastern  slope' 
conditioned  the  direction  of  the  initial  drainage  of  the  cycle;  (2)  the 
downthrow  of  the  orographic  blocks  of  the  valley  below  the  surround- 
ing walls  of  crystallines,  which,  in  a  rough  wa}',  has  in  the  subsequent 
erosion  determined  the  size  of  the  basin;  (3)  the  presence  of  soft  sand- 
stones, which  fixed  the  general  position  of  the  trunk  stream,  as  the 
canal-like  trenches  did  its  more  exact  direction;  (i)  the  upthrown  block 
of  schist  which  projected  into  the  basin  from  its  western  wall  and  brought 
about  a  new  temporary  base-level  and  ultimately  the  reversal  of  the  drain- 
age, and  (5)  the  altitudes  of  the  basalt  block  in  the  canyon  in  Pomperaug 
village,  of  the  baked  conglomerate  blocks  at  South  Britain  village, 
and  of  the  schist  block  which  has  just  been  mentioned,  for  these 
obstructions  have  determined  the  altitude  of  temporary  erosion  plains 
in  the  present  comparatively  stable  stage  of  the  river's  evolution. 

In  PI.  XVII  the  features  of  the  present  river  may  be  read.  It  is 
noted,  first,  that  the  trunk  stream  of  the  Pomperaug  River  with  its 
tributary,  Trans3dvania  Brook,  follows  in  the  main  the  borders  of  the 
sandstone  area,  so  as  to  inclose  the  masses  of  harder  basalt.  In  the 
next  place  it  is  noted  that  the  upper  reaches  of  the  river  are  a  contin- 
uation of  the  valley  which  is  occupied  by  Trans3'lvania  Brook,  and 
observation  on  the  ground  shows,  further,  that  this  valley  is  much  too 
large  to  have  been  caused  by  the  brook  which  now  flows  in  it.  It  could, 
moreover,  hardly  escape  observation  that  the  tributaries  of  this  north- 
ward-flowing portion  of  the  Pomperaug  enter  it  in  the  reverse  (back- 
ward-pointing) order,  and  that  they  are  quite  parallel  with  the 
tributaries  of  Transylvania  Brook,  though  the  latter  enter  in  the 
normal  way.  The  divide  between  the  Pomperaug  and  this  tributary 
is  located  in  the  arm  of  schist  which  projects  into  the  basin  west  of 
East  Hill,  in  which  Transylvania  Brook  has  formed  a  series  of  low  cas- 
cades representing  in  the  aggregate  a  fall  of  about  GO  feet. 

The  northward-flowing  portion  of  the  Pomperaug  is  apparently  u  par- 
tiallv  drained  lake  with  a  triangular  lake  nestled  a  little  higher  up  in 
the  nook  formed  by  the  sudden  bend  in  the  ridges  of  the  central  area. 
It  is  worthy  of  note  that  the  central  mass  is,  except  in  the  southeastern 
portion,  without  any  streams  large  enough  to  be  represented  upon  the 
map.  This  is  explained  in  part  by  its  small  area  and  in  part  by  the 
extreme  resistance  to  the  agencict;  of  subaerial  erosion  offered  by 
the  basalt  of  which  it  is  largely  composed.  Although  the  Pomperaug 
has  crossed  the  area  of  basalt  in  two  instances,  it  has  done  so  in  ready- 
formed  structure  canyons  (graben),  within  which  it  probabl}^  worked  in 
an  overlying  cap  of  .sandstone;  for  at  but  one  of  the  localities,  Pompe- 
raug village,  is  basalt  to  be  found  in  the  river  bed.  and  here  it  has  only 
recently  been  discovered  In'  the  river. 

<Cf.  Davis,  Nat.  Geog.  Monographs,  Vol.  I,  No.  9,  pp.  269-304.  .Vlso,  Kiglitoentli  .Vnn.  Kept.  V.  S. 
Geol.  Survey,  Pt.II,  1898,  p.  167. 
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With  the  above-mentioned  considerations  in  mind,  and  with  the  map 
of  the  river  before  one,  the  erosion  history  of  the  river  during  the 
post-Cretaceoiis  cycle  is  interpreted  to  have  been  probably  about  as 
represented  in  PI.  XVll. 

IXFANTILK    STA<}E. 

The  initial  or  infantile  course  of  the  Pomperaug  River  during  the 
post-Cretaceous  cycles  as  a  tributary  to  its  trunk  stream,  the  Housa- 
tonic.  would  l)e  in  accordance  with  the  slope  of  the  erosion  ))lain  on 
which  it  flowed,  modified  by  the  slope  of  the  walls  of  the  trench  in 
which  the  Housatonic  itself  was  then  flowing,  and  directed  also  b}^  any 
preexistent  channel  of  the  uplifted  plain  which  had  been  formed  in 
the  previous  cycles.  The  coml)ined  effect  of  these  inclinations  may 
be  assumed  to  have  been  to  give  to  the  stream  a  southerly  di  rection.  A 
downthrown  l)lock;  in  the  crvstallines  between  higher  blocks  is  clearh' 
indicated  along  the  course  of  the  Pomperaug  River  at  Bennett's 
bridge,  and  it  was  probably  this  which  fixed  the  present  outlet  of  the 
river  to  the  Housatonic.  Owing  to  this  canyon  the  river  probably 
worked  in  sandstone  from  the  outset,  and  steadily  intrenched  itself  in 
this  I'ock  along  a  canal-like  vall(>v  Avhich  follows  the  western  margin 
of  the  ])resent  basin,  and  which  was  very  likely  present  in  the  drainage 
of  the  preceding  cycle. 

VOUTIIKUI.    STAUK. 

The  vouthf  ul  stage  of  the  river  was  characterized  by  a  pushing  back 
of  its  hciul waters  as  the  rise  of  the  land  increased,  following  in  this  the 
areas  of  sandstone  into  which  it  ever  the  more  deeply  intrenched  itself. 
As  it  thus  deepened  its  channel  the  modified  inclination  of  its  banks 
resulted  in  the  formation  of  trilnitary  streams,  particularly  fiom  the 
west,  which,  while  entering  in  the  normal  fashion,  were  yet,  it  is 
believed,  largely  controlled  in  their  direction  I)}'  the  ready-formed 
trenches  in  the  crystallines  due  to  the  depressed  blocks  outlined  by 
the  faults  of  the  N.  ±34°  W.  series.  At  the  northern  end  of  what  is 
now  Ragland  the  river  found  two  diverging  belts  of  sandstone,  and  a 
branch  was  extended  in  either  direction.  At  South  Britain,  also  nearer 
its  outlet,  a  })ranch  of  the  river  found  a  sandstone  belt,  through  which 
it  sank  its  channel  and  acquired  advantage  by  increased  declivity  of  its 
headwaters. 

The  deeper  intrenchnient  of  the  main  river  must  have  been  accom- 
panied by  a  progressive  migration  of  its  channel  to  the  eastward,  due 
both  to  the  eastward  dip  of  the  sandstone  and  arkose  beds  and  to  the 
distril)utive  character  of  the  displacement  along  the  western  wall.  As 
it  discovered  the  floors  of  the  successive  walls  the  river's  bed  would 
be  steadily  pushed  eastward  in  the  direction  of  the  foot  of  the  steps. 
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I.AKE    STAGE. 

A,s  already  pointed  out,  the  upper  reaches  of  the  present  river  (the 
northerly  flowing  portion)  appear  to  be  the  basin  of  a  partially  drained 
lake.  The  course  of  the  tributaries  in  the  western  wall  clearly  indi- 
cates that  the  drainage  has  in  the  northern  portion  been  reversed,  and 
the  upthrown  block  of  schist  projecting  into  the  basin  from  its  western 
wall  forms  the  present  divide  between  the  reversed  stream  and  Tran- 
sylvania Brook,  which  still  occupies  the  southern  portion  of  the  old 
valley. 

A  new  stage  in  the  history  of  the  river  was  inaugurated  in  the  local 
discovery  by  the  river  of  the  schist  block  beneath  its  cover  of  sand- 
stone. The  many  times  greater  resistance  which  this  schist  block 
offered  to  degradation  by  the  river  had  the  eflect  of  starting  the  forma- 
tion of  a  new  phiin  of  erosion  near  the  level  of  its  upper  surface. 
The  stage  thus  inaugurated  was  devoted  to  the  grading  of  the  river  in 
two  plains,  one  above  and  the  other  below  the  obstruction  of  the  schist. 
As  this  pi'oceeded  the  block  itself  developed  a  cascade,  the  fall  of 
which  steadil}'  increased.  The  main  eastern  tributary  of  the  Pompe- 
raug,  which  was  cutting  its  channel  in  the  southern  and  eastern  belt  of 
sediments,  thus  secured  an  advantage  over  the  western  stream  in  the 
greater  declivity  of  its  headwaters,  but  either  in  this  period  or  shortly 
thereafter  it  in  a  similar  manner  discovered  the  block  of  baked  con- 
glomerate at  South  Britain,  which  was  so  resistant  as  to  form  at  its 
level  a  new  erosion  plain  in  the  eastern  valley. 

The  occasion  of  the  dannning  up  of  the  upper  waters  of  the  Pom- 
peraug  to  form  the  lake,  assuming  that  this  occurred,  inay  have  been 
an  uplifting  of  the  obstruction  of  schist  so  as  to  form  a  natural  dam. 
This  could  occur  either  through  a  secondary  adjustment  by  relief  of 
stresses  not  entirely  releas(»d  when  the  main  dislocation  of  the  area 
occurred,  or  it  could  equall}'  well  be  ascribed  to  the  action  of  stresses 
which  had  since  developed.  Another  possible  cause  may  have  been  the 
migration  of  the  divide  between  the  Pomperaug  and  its  strong  eastern 
tributary  which  now  possessed  an  advantage  in  the  greater  declivity  of 
its  headwaters  and  subse()U(Mit  dannning  of  the  course  by  glacial  drift 
at  some  point  near  Pomperaug  village. 

MATUKK    (I'KKSKNT)    STACK. 

The  later  stages  of  the  river  would  be  marked  by  the  more  thorough 
investment  of  the  basin  and  the  reduction  of  the  general  level;  there 
would  be  a  nndtiplication  of  minor  streamlets.  If  it  be  assumed  that 
the  elevation  of  the  schist  block  of  the  cascade  has  caused  the  forma- 
tion of  the  lake,  the  most  revolutionary  change  as  regards  the  river's 
history  during  the  latter  period  was  probably  the  more  rapid  exten- 
sion of  the  eastern  arm  of  the  Pomperaug  in  comi)aris()n  with  the 
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western  branch,  owing  to  its  advantage  in  the  greater  declivity  of  its 
headwaters.  The  result  was  a  steady  pushing  back  of  its  divide  and 
the  occupanc,y  of  an  increasing  territory  formerly  drained  b\'  the 
headwaters  of  the  western  stream,  a  process  which  would  have  been 
continued  until  the  site  of  Pomperaug  village  was  reached  and  the 
drainage  of  the  lake  was  begun.  Thus  the  reversal  of  the  upper 
Pomperaug  would  have  been  inaugurated,  the  original  lower  Pom- 
peraug becoming  the  present  Transylvania  Brook,  and  the  obstructing 
schist  block  becoming  the  divide  separating  the  two  streams. 

SECTION    4.— GLACIATION    OF    THE     BASIN. 


-Idealized  section  ac^o^<s  the  northwe>terii 
I'onipernug  Basin  to  show  the  drift  cover. 


Comparatively  little  attention  has  l)een  given  to  this  chapter  in  the 
geological   history  of  the  Pomperaug   Hasin.  although  there  can  be 

little  doubt  that  it  would 
well  repay  a  careful 
study. 

TlIK    DKIKT    MANTLK. 

A  mantle  of  drift  cov- 
ers large  portions  of  the 
rocky  slopes.  On  the 
western  and  northern 
borders  of  the  basin  it 
has  thinly  mantled  the  higher  areas,  so  as  to  leave  exposed  chiefly  the 
cliffs  and  a  small  margin  at  their  summits.  It  has  accunmlated,  how- 
ever, on  the  broader  shelves  formed  by  blocks  at  lower  levels,  leav- 
ing exposed,  however,  in  like  fashion  their  frontal  cliffs  and  a  portion 
of  their  summits  (tig.  58).  In 
the  southeastern  wall  the  effect 
has  been  different.  The  crvstal- 
lines  have  here  been  planed  away 
so  that  no  cliffs  now  remain,  and 
only  flat  or  gently  sloping  sur- 
faces of  outcrops  are  to  be  seen. 
Blocks  of  schist  standing  at  alti- 
tudes intermediate  between  the 
high  walls  and  the  valley  floor  are  entirely  concealed  under  the  drift 
mantle  (fig.  r)9:  also  map.  PI.  I). 

DKGKADATIOXAI,  ACTION    OB    ICE   ON    liASALT. 

In  ;m  early  chapter  I  have  referred  to  the  fact  that  the  highest  ridge 
in  the  basalt  of  the  valley  is  200  to  300  feet  lower  than  the  high 
points  of  the  crystallines  in  the  walls  surrounding  the  basin.  This 
might  be  in  part  explained  by  the  known  depression  of  the  entire 


Fig.  59.— Idealized  section  across  the  .southeastern 
wall  of  the  Pomperaug  Basin  to  .show  the 
drift,  cover. 
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area  and  the  rapid  erosion  of  the  posterior  shales  which  in  all  proba- 
bility once  covered  the  main  basalt  sheet.  However,  as  the  structure 
of  the  basalt  in  the  summit  of  this  ridge  shows  that  it  belonjjs  to 
a  zone  located  some  distance  below  the  original  surface,  it  is  assumed 
that  a  considerable  thickness  of  the  basalt  has  also  been  here  removed. 
The  extreme  resistance  of  the  basalt  to  weathering-,  its  separation  by 
faulting  into  prisms  which  stand  at  relatively  different  altitudes,  and 
the  small  drainage  area  in  which  it  lies,  are  all  conditions  which  tend 
to  produce  a  pinnacle  structure;  but  the  flattened  profiles  of  the 
summits  of  the  ridges  when  viewed  from  the  southern  basin  wall 
(PI.  V,  A),  and  their  very  even  skylines  when  viewed  from  the  east  or 
west,  indicate  that  some  planation  of  the  summits  has  here  occurred, 
lender  the  circumstances  the  most  competent  agent  to  accomplish  such 
:i  planation  would  be  the  glacial  ice  cap,  which,  overriding  the  resist- 
ant crystalline  walls,  would  sag  into  the  valley  formed  from  the  erosion 
of  the  soft  arkoses  surrounding  the  basalt  ridges.  The  higher  prisms 
of  basalt  which  project  above  the  sandstone  would  oppose  their  verti- 
cal walls  to  the  great  lateral  pressure  of  the  moving  ice,  so  that  anj'- 
unsupported  pinnacles  would  l)e  likely  to  be  broken  and  carried  away. 

BOWLDER    TRAINS    OF    RATTLESNAKE    HILL    AND    CASTLE    ROOK. 

The  evidence  of  ice  action  in  transporting  blocks  of  the  basalt  is 
found  in  the  two  bowlder  trains  of  basalt  which  have  been  noted  in  the 
biisin.  The  more  noteworthy  of  these  is  the  one  which  can  be  traced 
to  Rattlesnake  Hill.  This  train  begins  as  a  collection  of  great,  irreg- 
ular basalt  blocks  strewn  south-southeast  in  roughly  linear  arrange- 
Tiient  on  the  southern  slope  of  Rattlesnake  Hill.  At  the  bottom  of  the 
slope  the  train  ends  at  the  level  of  the  well-preserved  river  terrace, 
and  no  more  blocks  are  encountered  until  the  direction  has  been  fol- 
lowed for  nearly-  a  mile  and  entirely  across  the  valley  to  where  the 
slope  again  rises  in  the  principal  inglenook  of  the  southern  wall.  Here 
are  found  verv  large  blocks,  some  having  dimensions  of  1.5  or  more 
feet.  They  are  six  to  eight  in  number,  ranged  near  one  another 
in  the  direction  of  glacial  movement.  Four  or  five  of  the  largest 
would  be  included  within  a  radius  of  50  feet.  Their  direction  from 
Rattlesnake  Hill  is  determined  to  be  alwut  S.  29°  E.,  the  average  direc- 
tion of  ice  movement  in  the  vicinit}',  which  from  the  observation  of 
the  strike  of  gneiss  scorings  is  ±  N.  30°  W. 

The  other  indication  of  a  bowlder  train  within  the  area  of  the  basin 
is  found  on  the  slope  of  the  eastern  wall  to  the  east  and  southeast  of 
the  village  of  White  Oaks.  The  larger  and  smaller  basalt  blocks  are 
found  at  two  places,  so  located  as  to  indicate  that  if  they  belong  to  a 
single  narrow  train  its  direction  was  about  S.  13°  E.,  and  its  source 
the  high  pinnacle  of  Castle  Rock,  the  octagonal  prism  of  basalt  which 
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rises  to  the  northwest  of  Poniperaug  village.  If  this  is  true — and  it  is 
by  no  means  cei'tsiin — it  would  indicate  that  local  undercurrents  within 
the  ice  mass  were  made  to  conform  to  the  extension  of  the  valley,  a 
fact  quite  in  harmony  with  observations  which  have  been  elsewhere 
made. 

TKRRACE    FOKMATIONS. 

The  wider  portions  of  the  valleys  surrounding  the  cLMitral  l)asalt 
area  are  occupied  by  a  glacial  terrace  formation.  Its  tioor-like  surface 
is  well  displayed  in  the  "Woodbury  plain  along  the  southern  base  of  the 
basalt  area  (see  PI.  V.  ^1).  Perhaps  the  best  section  through  it  is 
to  be  found  on  the  Poverty  road  near  the  corner  one  mile  north  of 
South  Britain  village.  Its  characteristic  cross  bedding  is  here  seen  to 
special  advantage. 


APPENDIX. 


REPORT  ON  FOSSIL  WOOD  FROM  THE  NEWARK  FORMATION  OF 
SOUTH  BRITAIN,  CONNECTICUT. 


By  F.  H.  Kkowlton. 

In  JanuaiT,  1900,  1  received  a  request  from  Prof.  William  H. 
Hobbs,  of  the  Universit}'  of  Wisconsin,  to  examine  a  number  of  pieces 
of  fossil  wood  found  in  the  lowest  member  of  the  Newark  formation 
of  South  Britain,  C^onnecticut.  The  specimens,  three  in  number,  were 
soon  placed  in  my  hands,  and  have  f  ui-nished  the  basis  for  the  following 
brief  report: 

According  to  Professor  Hobbs  this  wood,  which  is  more  or  less  per- 
fectly silicified,  occurs  in  considerable  abundance  in  these  beds,  usually 
in  the  form  of  fragments,  although  he  has  sent  me  a  photograph  of  a 
trunk  preserved  at  one  of  the  farm  houses  in  the  vicinity  which 
appears  to  be  about  '^  feet  in  length  and  nearly  or  quite  2  feet  in  diam- 
eter. The  specimens  submitted  to  me  are  mere  fragments,  evidently 
of  large  trunks,  the  largest  specimen  being  only  about  15  cm.  long  and 
'7  cm.  scpuire.  Even  to  the  naked  e3'e  it  appears  that  the  structure  of 
the  wood  has  not  been  well  presei'ved,  and  when  the  thin  sections  ai'e 
viewed  under  the  microscope  it  is  seen  that  considerable  distortion 
has  taken  phu-e,  but  by  a  careful  study  points  were  found  in  nearly 
all  of  the  sections  that  aftoi'ded  a  fairly  satisfactoiy  idea  of  the  wood. 
The  three  specimens  all  possess  a  similar  structure,  as  well  as  can  be 
made  out,  and  are  referred  to  the  following  species: 

Araucarioxylon  vikcimanum  Knowlton. 

Bull.  U.  8.  Geol.  Survey  No.  56,  p.  50,  VI.  VII,  %»-.  2-5,  18«9. 

Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Tt.  II,  p.  516,  PI.  LII,  figs.  7-10,  1899. 

Twentieth  Ann.  Rept. U.S. Geol.  Survey,  Tt.  II,  p.  274,  Vl  XXXVII,  figs.  1-6,1900. 

This  species  was  first  described  from  the  Tria,ssicof  Virginia  and  was 
later  detected  in  the  Kit-hmond  Basin.  Virginia,  and  the  Avell-known 
Triassic  area  of  North  Carolina.  Tt  is  of  intor(>st  to  know  that  it  is 
also  found  in  the  Triassic  of  Connecticut. 
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The  material  from  Connecticut,  although  not  \ery  well  preserved, 
agrees  in  all  essential  particuhirs  with  the  Virginia  and  North  Carolina 
material.  The  tranverse  section  shows  the  absence  of  rings  of  growth, 
and  the  wood  cells  are  large  and  thick-walled,  as  shown  in  the  above- 
quoted  figures.  The  radial  section,  in  exceptionallv  well-preserved 
areas,  shows  the  bordered  pits  to  be  in  two  rows  which  nearly  cover 
the  wall.  They  are  also  made  out  to  be  hexagonal,  but  arc  not  well 
enough  preserved  to  permit  of  satisfactory  measurements.  The  medul- 
lary rays  as  shown  in  this  section  are  seen  to  be  composed  of  relatively 
short  cells.  In  tangential  section  the  wood  cells  are  seen  to  be  without 
pits  or  other  markings  and  the  medullary  rays  are  in  a  single  series 
of  from  three  to  eight  or  nine  cells. 

In  conclusion  it  may  be  stated  that  the  characters  as  made  out  leave 
no  doubt  as  to  the  identity  of  the  Connecticut  material  with  Araucari- 
oxyJon  rlr(iinla»iii)t  of  Virginia  and  North  Carolina. 
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THE  LACCOLITHS  OF  THE  BLACK  HILLS. 


By  'r.  A.  Jagcjak,  Jr. 


IXTIlOni^CTIOX. 

The  description  of  igneous  intrusions  of  the  northern  Black  Hills  in 
South  Dakota  and  Wyoming  contained  in  the  following  pages  is  the 
result  of  two  field  seasons'  work  in  the  mining  district,  spent  in  mapping 
the  area  comprised  in  the  Sturgis  and  Spearfish  quadrangles.  This 
work  was  accomplished  in  the  summers  of  1898  and  1899  under  the 
direction  of  Mr.  S.  F.  Emmons,  and  in  the  fall  of  1898  a  reconnaissance 
was  made  by  the  writer  to  the  northwest  in  order  to  study  the  outly- 
ing igneous  bodies,  more  especially  the  group  associated  with  the 
Bearlodge  liange.  Valuable  field  assistance  was  rendered  by  Messrs. 
J.  :M.  Boutwell,  J.  D.  Irving,  and  1*.  S.  Smith.  As  a  result  of  field 
observations,  experimental  studies  were  suggested.  These  were  car- 
ried out  in  the  laboratory  of  experimental  geology  at  Harvard  Univer- 
sity' 1)3'  Mr.  Ernest  Howe,  under  the  instruction  of  the  writer,  during 
the  winter  of  1898-99.  Mr.  Howe's  results,  which  have  proved  inter- 
esting in  comparison  with  field  occurrences,  are  recorded  in  Chapter  V. 

It  is  not  proposed  to  discuss  the  petrography  of  the  intrusive  rocks, 
but  rather  the  structure  and  the  origin  of  the  intrusions.  The  region 
is  remarkable  chiefiy  for  the  systematic  recurrence  of  certain  distinct 
types  of  intrusive  ])odies  so  exposed  ])y  favorable  xiplift  and  erosion 
that  many  gradations  from  dike  to  sheet  and  from  sheet  to  lens  are 
revealed.  In  other  words,  there  is  here  an  opportunity  for  the  study 
of  dikes,  stocks,  sills,  laccoliths,  and  irregular  modifications  of  each 
of  these,  and  exceptionally  good  exposures  permit  conclusions  concern- 
ing dynamic  conditions  of  intrusion  which  are  supported  b}-  abundant 
field  evidence.  As  the  distribution  and  form  of  the  igneous  l)odies  are 
of  great  importance  in  connection  with  the  occurrence  of  ores,  and  the 
history  of  intrusion  is  in  some  sense  associated  with  that  of  minerali- 
zation, it  seems  well  to  describe  in  some  detail  thes(>  masses  of  igneous 
I'ock  from  the  standpoint  of  dynamic  geology. 
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DEFINITION    OF   TERMS. 

The  terms  dike,  stock,  sill,  and  laccolith,  as  here  used,  need  some 
deiinition.  These  definitions  are  not  intended  to  be  didactic,  but  are 
presented  only  to  render  intelligible  the  use  of  the  words  when  applied 
to  a  region  where  many  gradations  occur  between  different  kinds  of 
igneous  bodies. 

A  dike  is  an  elongate  intrusive  igneous  body  occupying  a  fissure  in 
any  sort  of  rock,  the  walls  of  which  at  the  time  of  intrusion  were 
vertical  or,  if  inclined,  at  angles  nearer  the  vertical  than  the  horizontal. 
A  dike  nuxst  have  longitudinal  extension  nuxch  greater  than  its  breadth, 
but  may  A'ar}-  in  thickness  from  an  inch  to  several  hundred  feet.  A 
dike  may  be  irregular  or  may  follow  a  sinuous  course;  it  may  be 
intruded  between  the  beds  of  vertical  or  steeply  inclined  sediments;  it 
frequently  follows  joint  surfaces  and  has  smooth  and  plane  ])ounding 
walls.  It  must  be  noted  that  a  flat  igneous  mass  intruded  l^etween 
horizontal  or  nearly  horizontal  strata  and  suljsequentl}"  upturned  with 
them  to  a  vertical  position  is  not  a  dike,  but  a  sill. 

A  stock  is  an  intrusive  mass  of  irregular  ground  plan,  with  bounding 
walls  more  or  less  upright  at  the  time  of  intrusion;  it  differs  from  a 
dike  in  having  no  considerable  longitudinal  extension  and  in  the 
absence  of  plane  bounding  walls.  A  stock  occupies  an  irregular  rent 
or  cavity  in  the  country  rock,  produced  by  disruption  or  fusion,  or 
both,  and  if  it  occurs  in  sediments  the  fissure  filled  by  the  intrusion 
bears  no  definite  relation  to  the  stratigraphy  or  joints.  The  word 
stock  is  usualh'  limited  to  bodies  of  considerable  size,  amounting  in 
diameter  to  at  least  several  hundred  feet.  Irregular  intrusions 
intermediate  in  form  between  dike  and  stock  may  occur. 

A  sill  is  an  intrusive  sheet  forced  between  strata  which  are  hori- 
zontal or  Avhich,  if  tilted,  lie  at  angles  more  nearly  horizontal  than 
vertical.  The  ideal  sill  splits  strata  apart  on  a  single  bedding  plane 
and  maintains  a  constant  thickness.  Sills  in  nature  commonly  break 
obliquely  across  bedding  planes  and  may  vary  in  thickness,  though 
in  the  short  distance  in  which  they  are  exposed  they  need  not  show 
these  characteristics.  A  sill  may  thin  out  to  its  border,  or  it  may 
break  upward  along  a  joint  plane  to  form  a  dike,  or  it  may  end 
against  a  fault  surface.  Transitions  between  dike  and  sill  occur  when 
a  sill  breaks  upward  at  an  angle  of  45°  or  when  a  dike  follows  the  bed- 
ding planes  of  strata  inclined  at  that  angle.  The  conduit  that  feeds  a 
sill  maj^  be  a  vertical  dike  or  an  oblique,  irregular,  upward-breaking 
extension  from  another  sill  at  a  lower  horizon. 

A  laccolith  (formerly  written  laccolite)  is  a  dome-shaped  intrusion 
in  horizontal  strata  or  in  strata  more  nearly  horizontal  than  vertical. 
The  ideal  laccolith,  like  the  ideal  sill,  splits  strata  on  a  single  bedding 
plane:  in  nature  laccoliths  may  break  obliquely  across  bedding  while 
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still  bcino-  guided  in  a  general  way  b}^  the  sedimentary  parting  planes. 
The  ideal  laccolith  is  a  radially  symmetrical  plano-convex  lens  with  the 
convexity  upward.  Laccoliths  in  nature  may  be  very  unsymmetrical 
in  ground  plan  and  cross  section  and  doubly  convex.  A  laccolith 
may  be  a  thickened  extension  of  a  sill;  its  conduit  may  l)e  a  stock, 
dike,  inclined  sill,  or  a  combination  of  these,  and  it  may  fault  and  other- 
wise deform  the  strata  about  it.  Transitions  of  the  same  sort  as  those 
described  between  dike  and  sill  may  occur  between  dike  and  laccolith. 
Transitions  between  sill  and  laccolith  are  of  course  common,  the  lac- 
colith being  a  sill  thickened  locally  or  centrally  and  arching  the  strata 
lying  in  juxtaposition. 

Conmionly  the  intrusive  magma  which  forms  a  laccolith  has  been 
believed  capable  of  "lifting  the  load"  above  it.  Such  might  be  the 
case  in  strata  of  uniform  flexibility,  free  from  orogenic  stress,  subject 
to  intrusion  through  readj^-made  conduits.  When,  however,  those 
conduits  are  fault  fissures  and  ruptures  produced  b}^  strains  incident 
to  movements  of  mountain  growth  and  so  are  permissive  of  igneous 
injection  from  below,  the  eruptive  liquids  must  be  conceived  to  spread 
upward  and  outward  chiefly  along  lines  of  weakness.  The  pressure 
exerted  by  a  single  igneous  body  among  strata  in  such  a  case  is  but  a 
minor  feature,  the  path  chosen  by  the  lava  marking  the  site  of  inherent 
tendencies  to  warp  and  buckle  under  greater  orogenic  stresses.  Thrust- 
ing and  swelling  among  shales,  the  laccolith  arches  beds  "competent" 
to  transmit  pressure  without  stretching  or  flowing,  but  the  dome  once 
initiated,  horizontal  components  producing  lateral  deformation  become 
iTiore  and  more  efHciont  with  increased  flexure  in  the  dome  itself.  The 
motion  of  uplift  mav  ho.  a))sorljed  a  short  distance  above  the  laccolith 
in  lateral  crumpling  and  faulting  of  the  superjacent  beds  abovit  the 
flanks  of  the  dome,  ajid  if  those  are  shales  they  are  to  a  certain  extent 
stretched  on  the  crest  and  squeezed  into  the  sags.  Thus  the  laccolith 
below  a  great  thickness  of  soft  strata  no  more  lifts  the  load  than  does 
a  cube  of  pyrite  or  a  calcite  concretion'  when  crystallizing  to  deform 
the  surrounding  lamina\ 

The  term  porphyry  is  used  in  tlie  same  sense  with  reference  to  an 
intrusive  rock  of  porphyritic  structure  as  "lava,"  applied  to  an  extru- 
sive. This  use  is  prevalent  in  Western  mining  districts.  The  wide 
variation  in  mineralogical  and  chemical  composition  of  Black  Hills 
porphyries  would  make  continual  reference  to  specific  typos  confusing 
to  the  reader,  where  the  subject  in  hand  deals  purely  with  dynamic 
phenomena. 

1  Calciireous  concretions  of  Kettle  Point,  Ontario,  by  K.  A.  Daly:  Jour.  Ucol.,  Vol.  VIII,  No.  2,  1900, 
flg.  3,  p.  188. 
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GENERAL   STRUCTURE. 

The  Black  Hills  are  well  known  to  constitute  the  type  of  dome 
structure.  They  rise  like  an  island  in  the  niidst  of  the  Great  Plains, 
with  culminatint^  peaks  of  pre-Cainbiian  granite  intrusive  in  Algon- 
kian  schists,  and  those  same  schists  and  granite  may  be  followed  out- 
ward from  the  center  of  the  Hills  to  an  encircling  escarpment  of 
Paleozoic  rocks  dipping  away  on  the  northern,  southern,  and  eastern 
sides,  and  mantling  over  the  schists  to  form  an  extensive  forested 
limestone  plateau  on  the  w'est.  The  center  of  activity  of  the  younger 
poiphyr}'  intrusions  is  Terry  Peak,  a  summit  rising  7,069  feet  above 
the  sea,  in  the  northern  portion  of  the  schist  area  exposed  on  the 
eastern  side  of  the  uplift.  Northwest,  north,  and  northeast  of  Terry 
Peak  occur  a  laige  number  of  intrusive  bodies  in  l)eds  ranging  from 
Algonkian  to  Benton  Cretaceous.  The  structure  and  forms  of  these 
igneous  Ijodies  vaiv  chiefly  with  the  hori/on  of  intrusion. 

TOPOGRAPHY  AND   DRAINAGE. 

The  drainage  of  the  northern  Hills  follows  in  general  radial  courses 
consecjuent  upon  the  original  slopes  of  the  uplift  as  a  whole.  Where 
erosion  has  gone  deepest  this  di'ainage  has  become  modified  })y  the 
development  of  valleys  along  the  softer  rocks,  and,  in  consecpience, 
subse(juent  valleys  having  courses  concentric  to  the  dome  tend  to  fol- 
low along  the  strike  of  the  Paleozoic  and  Mesozoic  beds.  The  most 
conspicuous  of  these  valleys  is  the  well-known  Red  Vallev,  which 
forms  a  continuous  depression  around  the  Black  Hills  uplift. 

1)RAINA<;k  of  tkkrv  pkak  district. 

Four  streams  drain  the  Teny  Peak  eruptive  center,  flowing  east, 
northeast,  and  north;  these  are  Elk,  Bear  Butte,  Whitcwood,  and 
Spearfish  creeks.  The  drainage  system  of  each  of  these  has  eroded 
away  strata  which  capped  igneous  intrusives;  and  the  porphyries, 
by  reason  of  their  more  resistant  quality,  usually  form  prominent 
eminences  above  the  general  level. 

The  westernmost  of  the  streams  mentioned,  Spearfish  Creek,  forms 
for  20  miles  an  impressive  canyon  in  the  limestone  plateau,  from  which 
the  stream  emerges  into  the  Red  Valley  at  Spearfish.  For  a  portion  of 
its  course  this  stream,  which  is  to-day  one  of  the  most  powerful  in  the 
Hills,  flows  along  the  contact  of  the  Algonkian  schists  with  the  basal 
174 
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beds  of  the  Cambrian;  above  the  mouth  of  Annie  Creek  the  stream 
leaves  the  last  outcrop  of  schist,  and  from  here  to  the  mouth  of  Robi- 
son  Gulch,  under  Spearfish  Peak,  flows  on  Cambrian  beds,  cutting 
into  porphyry  masses  at  Annie,  Squaw,  and  Rubicon  gulches;  then 
entering  the  zone  of  dipping  Paleozoics,  it  progressively  cuts  its  way 
across  Silurian,  Carboniferous,  and  Permian  beds  before  emerging  on 
the  Triassic  lowland  of  the  Red  Valley.     (See  Pis.  XVIII  and  XIX.) 

Whitewood  and  Bear  Butte  crocks,  which  flow  to  the  northeast, 
traverse  a  more  varied  topography  before  they  emerge  from  the  Hills. 
They  take  their  rise  among  Cambrian  strata  and  porphyries,  and  their 
headwater  branches  have  assisted  in  carving  out  the  northern  portion 
of  the  exposed  Algonkian  core  of  the  Black  Hills  uplift.  Through  por- 
tions of  their  courses  deep  V-shaped  gulches  have  been  cut  in  the  schist, 
and  wall  canyons  in  the  Carboniferous  limestone.  Each  formation  in 
turn  has  its  characteristic  erosion  form,  which  varies  little  throughout 
the  northern  Hills,  and  is  usually  directly  dependent  upon  its  relative 
capacity  for  resisting  erosion.  Indeed,  the  drainage  as  a  whole,  while 
retaining  consequent  courses  in  general  for  the  master  streams,  shows 
many  modifications  by  adjustment,  more  especially  in  the  tributary 
branches,  and  occasionalh^  striking  instances  of  capture  are  evident. 

Elk  Creek,  flowing  east,  drains  on  the  south  the  high  Algonkian 
plateau  land  which  marks  a  portion  of  the  area  of  maximum  uplift. 
The  upper  portions  of  its  course  are  characterized  by  broad  meadow 
bottoms  and  gentle  slopes  from  upland  "flats"  consisting  of  Cambrian 
or  porph3-ry  caps  over  schist.  Where  the  stream  enters  the  lime- 
stone, which  is  here  of  extraordinary  thickness,  a  magnificent  canyon 
with  vertical  walls  rising  sheer  from  200  to  -iOO  feet  has  been  cut. 
Through  this  canyon  the  engineers  of  the  Black  Plills  and  Fort  Pierre 
Railroad  have  built  one  of  the  most  picturesque  routes  of  travel  in 
the  country.  Steaming  through  this  impressive  gorge  the  traveler 
moving  eastward  finds  it  difiicult  for  some  time  to  discover  any  con- 
siderable clip  in  the  massive  limestones,  which  retain  for  several  miles 
the  appearance  of  uniform  thickness  in  the  precipitous  clifis  that  wall 
in  the  torrent,  pjventually,  however,  the  canyon  widens  out  and  the 
limestone  cliff's  are  replaced  by  briglit-colored  beds  of  the  Minnelusa 
"alternate  series,"  and  then  suddenly  the  characteristic  gateway  of 
Minnekahta  limestone  is  passed  and  the  train  emerges  into  the  broad 
lowland  with  its  red  marls  and  tilled  fields. 

TOPOOHAl'HU;   TYl'KS. 

The  Algonkian  schists  form  flat  uplands,  and  when  they  occur  as 
massive  upturned  quartzites  frecjuently  ]iit  out  in  colossal  walls.  Near 
Elk  Creek  one  of  these  quartzitc  walls  may  lie  traced  for  miles,  strongly 
resembling  a  dike.  Elsewhere  the  Algonkian  forms  the  bottoms  of 
streams  that  have  cut  through  the  softer  Cambrian  beds,  or  it  forms, 
with  its  characteristic  steeply  inclined  banding,  the  slopes  of  steep 
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guk'hes,  like  Whitewood  Creek  along  the  line  of  the  Burlington  Rail- 
road. The  many  branches  of  the  railway  .sj'stems  afford  excellent  sec- 
tions of  the  Algonkian  as  the\'  wind  in  and  out  along  gullies  and 
spurs  to  maintain  their  grade,  and  these  railway  ])ranches  and  loops 
are  now  so  numerous  in  the  mining  district  as  to  form  a  conspicuous 
artificial  feature  in  the  topography;  the  same  ma}'  be  said  of  the  innu- 
merable tunnels  and  prospect  holes  with  their  dumps  jutting  out  from 
the  steep  gulch  slopes,  the  size  of  the  duuip  an  index  of  the  depth  of 
the  digging.  Thanks  to  this  artificial  "honeycomb"  underground  and 
the  clean  railway  cuts  al)ove,  much  is  now  exposed  to  the  geologist 
that  was  completely  masked  twenty  years  ago. 

The  Cambrian  section  where  exposed  beneath  a  protecting  coAcr  of 
limestone  frecjuently  forms  wall  cliffs  of  red  and  brown  color,  striped 
parallel  to  the  stratiffcation,  one  notable  red  l)and  in  the  upper  part  of 
the  formation  being  conspicuous  in  many  places.  The  type  locality 
occurs  on  the  west  sidc^  of  Whitewood  Creek  just  below  Dead  wood. 
"Where  its  protecting  limestone  cover  has  l)een  eroded  away  the  Cam- 
brian is  likely  to  weather  into  rounded  forest-covered  hills  of  incon- 
spicuous outcrop,  like  those  occurring  south  of  FAk  Creek  in  the 
vicinity  of  Meadow  Creek.  Immediatel}'  beneath  the  Silurian  lime- 
stone the  Cambrian  usuall}'  forms  a  bench,  occasioned  l)y  the  hard  and 
salient  "worm-eaten"  (Scolithus)  quartzite  jutting  out  from  beneath 
thick,  soft,  green  shales  (see  fig.  60). 

The  Silurian  limestone,  in  consequence  of  this  relation  and  of  another 
shale  l)and  above  it,  is  frequently  masked  by  talus,  but,  where  its  thick- 
ness is  sufficient,  forms  a  yellow  l)ench,  well  shown  in  Whitewood  Can- 
yon on  the  route  of  the  Fremont,  Elkhorn  andMissouri  Valle}'  Railroad. 
This  bench  is  rareh'  seen  west  of  Deadwood,  and  the  Silurian  is  diffi- 
cult to  identify  in  Upper  Spearfish  Canyon.  It  occurs  north  of  Annie 
Creek  at  several  points  in  the  canyon,  at  Crown  Hill,  and  at  Carbonate. 

The  Carboniferous,  eciuivalent  to  the  Madison  limestone  of  the  Rocky 
Mountains,  is  naturally  the  principal  cliff'  maker,  and  its  escarpment 
forms  a  conspicuous  feature  in  the  landscape  everywhere.  A  more 
irregular  and  variegated  cliff,  colored  purple,  red,  and  white,  and  pre- 
senting one  of  the  most  picturesque  color  effects,  is  made  by  the 
Minnelusa  sandstone,  forming  the  "sand  hills"  encountered  in  drivdng 
out  from  the  Hills  just  before  reaching  the  Red  Valle^'.  The  sandy 
soil  of  the  Minnelusa  frequently  produces  holes  and  sand  in  the  roads 
which  traverse  this  zone. 

The  Minnekahta  limestone  of  the  Permian  forms  one  of  the  most 
conspicuous  topographic  features  of  the  Hills.  Dipping  awa}'  with 
wonderful  uniformity  from  the  uplifted  dome,  the  outflowing  streams 
invariably  cut  through  it  a  V-shaped  gatewaj^  making  in  the  inter- 
stream  spaces  crescent-shaped  scarps  of  the  30-foot  limestone  over  the 
soft  red  sandstone  that  underlies  it.  The  outer  slope  of  the  jointed 
limestone  is  usually  washed  bare  and  on  the  inner  side  of  the  Red 
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Valle}'  foiTas  what  has  been  aptl}^  called  a  tessellated  pavement.  The 
Ked  Beds  themselves  rarely  present  good  exposures,  though  occasion- 
alh^  the  streams  which  meander  through  the  valley  cut  them  into  small 
buttes  or  mesas,  capped  b}'  gypsum,  which  exhibit  a  bedded  cross  sec- 
tion.    Such  a  section  may  be  seen  east  of  Whitewood. 

Continuing  outward  from  the  Hills,  the  Jurassic  beds  outcrop  on  the 
inface  of  the  Cretaceous  escarpment  that  makes  the  outer  wall  of  the 
Red  Valley,  and  a  conspicuous  feature  of  these  beds  in  the  Sturgis 
district  is  a  hard  quartzite  which  forms  angular  blocks  upon  the  slope. 
The  crest  of  this  slope  is  usuall}'  a  rock  face  of  coffee-colored  or  yel- 
lowish sandstone  of  Lower  Cretaceous  age.  This  sandstone  slopes 
away  toward  irregular  hills  formed  of  other  members  of  this  series. 
The  Dakota  sandstone  is  the  last  hard,  salient  bed,  and  this  in  turn  dips 
gentl}'  beneath  a  wide,  arid  tract  of  Benton  ])lack  shale,  the  monotony 
of  which  is  broken  only  by  distant  buttes  of  Niobrara  limestone  that 
appear  upon  the  sky  line  far  out  across  the  plains. 

STRATIGRAPHY. 

m'NAMIC    SIC4NIFICANCK    OF   STRATIGKAPHY. 

In  the  columnar  section,  fig.  60,  are  shown  the  avei-age  thickness  and 
lithologic  character  of  Paleozoic  and  Mesozoic  rocks.  In  connection 
with  the  interpretation  of  dynamics  of  intrusion  the  distribution  of 
thin-bedded  and  thick  bedded  strata  in  the  column  is  of  great  impor- 
tance. Irving  has  shown  the  importance  of  shale  beds  as  favorite 
horizons  of  intrusion;  the}"  are  the  readiest  to  jneld  to  a  viscous 
wedge  of  igneous  matter.  The  accompanying  columnar  section 
shows  three  thick  beds  of  soft  material,  the  one  at  the  top  of  the 
Cambrian,  the  Permo-Triassic  red  beds,  and  the  Benton  shales.  The 
first  underlies  the  most  massive  "competent"^  member  of  the  whole 
series — i.  e.  the  great  limestone,  including  both  Silurian  and  Carbon- 
iferous. The  lower  red  bed  underlies  the  massive  la3'er  known  as 
Minnekahta  or  purple  limestone,  which  is  overlain  by  easily  deformed 
thick  beds  of  red  marl,  while  the  soft,  l)lack  Benton  shales  imdei'lie  the 
Niobrara  limestone. 

In  addition  to  these  three  conspicuous  shale  horizons,  other  strati- 
graphic  relations  which  would  tend  to  influence  intrusion  are  as  follows: 
The  Algonkian  lamination  abuts  al)ruptly  upward  against  the  hard  basal 
Cambrian  (juartzite  or  conglom(>rate,  and  this  same  lamination,  while 
fairly  uniform  in  its  strike  (NNW.),  varies  in  its  inclination  east  and 
west  of  the  vertical,  though  it  is  prevailingly  westerly  in  the  Terry  Peak 
region.  An  example  of  change  in  dip  of  the  schists  occurs  at  Central, 
in  Deadwood  (xulch,  nearly  opposite  the  De  Smet  open  cut.    Through- 

>  The  mechanics  of  Appalachian  structure,  by  Bailey  Willis:  Thirteenth  Ann.  Kept.  U.  S.  Geol.  Survey, 
Part  II,  1S92.  "A  thrusting  layer  firm  enough  to  transmit  the  elTective  force  "  In  strata  folding  mider 
lateral  compression  is  called  a  "competent"  stratum.  The  same  word  may  be  applied  to  a  stratum 
resistant  to  tlie  upward  progress  of  an  intrusive  magma,  iiiul  thus  competent  to  dome  upward  rather 
than  split  and  mash  like  shale. 
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out  the  Cambrian,  thin-bedded  paper  shales  alternate  with  flags  and 
sandstones,  forming  innmnerable  thin  parting  planes.  Thin  shales 
occur  also  above  the  Silurian  and  in  the  Minnelusa,  Jura,  and  Lower 
Cretaceous. 

VARIATIONS    IN    THICKNESS. 

The  columnar  section  (tig.  60)  shows  average  thickness  for  the  north- 
eastern part  of  the  Black  Hills.  These  figures  are  generalized  from  sec- 
tions measured  in  Spearfish,Whitew()od,  Bear  Butte,  and  Elk  canyons. 

The  progressive  variation 
in  this  series  of  measure- 
ments, which  is  most  sig- 
nificant in  connection  with 
the  intrusives,  is  shown  in 
the  diagrammatic  strike 
section  (vertical  exagger- 
ation X  2.5)  from  north- 
west to  southeast  inserted 
on  the  map,  PI.  XIX. 
From  a  thickness  at  Bea- 
\-('r  Creek  just  west  of  the 
mapped  area  (PI.  XIX)  of 
probai)ly  not  more  than 
•i()()feettheSiluix)-Carl)on- 
iferous  massive  limestone, 
grouped  as  a  single  com- 
petent member,  thickens 
to  more  than  700  feet 
in  Speai-fish  Canyon.  The 
Cambrian  ])eds  maintain 
throughout  this  region  a 
rather  uniform  thickness, 
but  probably  diminish 
where  the  limestone  is 
thickest.  There  is  some 
evidence  that  the  present  course  of  Spearfish  Canyon  marks  the  axial 
region  of  a  gentle  sj'ncline  of  deposition  under  the  great  limestone.  For 
this  reason  the  thicknesses  in  the  section  have  been  referred  to  an  upper 
datum  level,  namely  the  top  of  the  gray  (Carboniferous)  limestone. 

The  Algonkian  surface  thus  sectioned  is  seen  to  be  warped  into  undu- 
lations. That  some  such  undulations  occur,  and  of  much  more  pro- 
nounced relief  than  that  represented  in  the  section,  is  amply  proved 
at  several  points.  One  of  these  is  between  Englewood  and  Nevada 
Gulch,  where  there  is  a  rise  in  the  Algonkian-Cambrian  contact  of 
400  feet  in  a  northwest  direction — that  is,  tangent  to  the  curvature 
of  the  elliptical  area  of  the  Black  Hills  uplift.     Similarly  the  schist 
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surface  beneath  the  Cambrian  at  Brovvnville  on  upper  Elk  Creek  yhows 
a  very  rapid  rise  westward  toward  Woodvillo.  Coarse  Cambrian  con- 
glomerate fills  hollows  between  ancient  Algonkian  quartzite  reefs  on  the 
upland  4  miles  southeast  of  Virginia  on  Bear  Butte  Creek,  so  that  irregu- 
lar relief  in  the  original  Algonkian  surface,  as  well  as  irregularities  in- 
duced by  deformation,  may  be  safely  postulated.  Warping  of  the  schist 
surface  in  post-Paleozoic  time  probably  proceeded  largely  by  small  slip- 
pings  on  lamination  planes.  These  movements,  when  communicated  to 
the  flat-lying  Cambrian  beds  above,  produced  innumerable  small  frac- 
tures— the  "  verticals"  of  the  mines.  The  coincidence  in  trend  between 
verticals  and  Algonkian  lamination  planes  (NNW.)  is  remarkable.  The 
thickness  of  the  Algonkian  is  unknown,  but  there  is  good  reason  for  sup- 
posing that  its  nearl}-  vertical  structure  marks  a  series  of  isoclinal  folds 
in  which  eventually  some  recurrent  horizons  may  be  identifiable.  As 
is  to  be  expected  in  the  isoclinal  structure,  the  schistosity  usuall)'  con- 
forms to  the  origitral  bedding,  but  in  places  where  the  axial  region  of 
a  fold  is  exposed,  the  lamination  is  seen  to  be  distinctly  transverse  to 
the  bedding,  as  in  Deadwood  Oulch  near  the  town  of  Central. 

East  from  Spearfish  Canyon  the  great  limestone  shows  a  remarkable 
thinning,  from  700  feet  to  a  total  thickness  of  probably  not  more  than 
100  feet  on  the  flanks  of  Polo  Mountain,  a  distance  of  6  miles.  The  Cam- 
brian thickens,  but  not  in  the  same  proportion;  at  Deadwood  it  has  a 
thickness  of  between  400  and  500  feet.  From  Polo  Peak,  where  the 
limestone  stratigraphically  overlies  the  greater  porphyry  masses  of  the 
Terry  Peak  complex,  this  massive  member  steadily  thickens  southeast- 
ward, reaching  300  feet  at  Whitewood  Canyon,  about  500  feet  in  Bear 
Butte  Can3^on,  and  probably  more  than  800  feet  in  Elk  Ci'eek  Canyon. 
The  Cambrian  beds  thicken  at  Bear  Butte  Creek,  and  then  thin  away 
to  between  100  and  200  feet  south  of  Elk  Oeek;  and  farther  south,  on 
the  flanks  of  the  Harney  Range,  the  Cambrian  almost  disappears. 

Summarizing  this  section  from  Beaver  Creek  to  Elk  Creek,  the  thick 
limestone  in  Spearfish  Canyon  separates  two  areas  of  igneous  irrup- 
tion and  Algonkian  elevation,  namely,  the  Bald  Mountain  and  Nigger 
Hill  mining  districts.  The  Terry  Peak  center  of  irruption  underlies 
the  thinnest  portion  of  the  limestone.  The  Two  Bit  region  of  maxi- 
mum development  of  sills  is  where  the  Cambrian  is  thickest,  and  the 
Runkel  region  of  large  porphyr}'  masses  in  and  above  the  limestone  is 
where  the  Cambrian  thins  and  the  limeston(».  becomes  thickest.  A 
study  of  the  map  will  show  these  relations.  The  Nigger  Hill  Algon- 
kian area  lies  outside  of  the  mapped  area,  on  the  west  (see  PI.  XIX). 

COLUMNAR    SKCTION. 

The  paleontologic,  lithologic,  and  topogi-aphic  characters  of  the  geo- 
logic column  are  best  expressed  in  tabular  form.  Local  formation 
names  are  avoided  except  where  alreadv  in  the  literature  of  the  Black 
Hills. 
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The  Pleistocene  and  Tertiaiy  formations  have  an  indefinite  thick- 
ness, occurring,  as  they  do,  only  in  the  form  of  eroded  remnants.  Ter- 
tiary occurs  as  white  daj'  in  the  basin  where  Lead  has  been  built  and 
in  the  saddles  between  neighboring  hills.  This  clay  contains  fossil 
vertebrates,  and  also  fragments  of  porphyr}' ,  hence  is  the  product  of 
erosion  after  the  porphyries  were  intruded.  This  is  further  proved 
by  the  fact  that  the  clays  are  deposited  in  a  topography  eroded 
far  below  the  present  porphyry  summits.  The  material  here  called 
Pleistocene  consists  of  rounded  stream  bowlders  and  gravel  occurring 
in  masses  sometimes  50  to  100  feet  thick,  usually  filling  divides 
between  the  present  streams.  These  remnants  show  the  location  of 
more  considerable  deposits  of  the  same  sort  along  ancient  stream 
channels.  The  courses  of  these  ancient  streams  in  several  cases 
show  a  significant  relation  to  elbows  of  capture  and  valley  trends 
which  mark  the  changes  the  drainage  has  undergone.     (See  PI.  XX.) 

INTRUSIVE    PORPHYRIES. 
LITHOLOGY. 

The  porphyries  vary  in  kind  from  rhyolite,  diorite-porphyry,  and 
syenite-poi-i)hyry  to  more  alkaline  rocks  which  may  be  classed  as 
phonolites  and  grorudites.  Irving  has  described  many  of  the  types, 
and  there  is  here  a  remarkable  series  of  gradations  which  renders  the 
region  exceptionally  favoraV)le  for  stud}'  of  magmatic  differentiation. 
He  has  distinguished  the  following  families: 

GrorudUe. — Highly  alkaline  rocks  containing  orthoclase,  quartz,  fegirine-augite,  and 
aegirine.  In  some  types  accessory  albite,  rnicrocline,  and  biotite.  Localities:  Terry 
Peak,  Bald  Mountain,  Elk  Mountain,  Lost  Camp  Creek,  Annie  Creek,  sheet  on  the 
Burlington  Railroad  east  of  Terry  Peak,  and  in  the  Sunset  Mine. 

PhonoliU: — Rocks  rich  in  soda,  forming  the  more  basic  phase  of  the  grorudites. 
Composed  of  orthoclase,  anorthodase,  rnicrocline,  aegirine-augite,  fcgirine,  nepheline, 
nosean  with  accessory  haiiyne,  biotite,  magnetite,  titanite,  melanite  garnet,  and  pos- 
sibly leucite.  Localities:  Ragged  Top  Mountain,  Squaw  and  Annie  creeks.  Calamity 
Gulch,  Mato  Teepee,  Green  Mountain  (peak  next  west  of  Bald  Mountain),  White- 
tail  Gulch,  east  slope  of  Bald  Mountain,  and  False  Bottom  stock. 

RhyolUe-porphyry  and  dacik. — Phenocrysts  of  orthoclase,  plagioclase,  and  quartz 
in  a  fine-grained  groundmass  of  quartz  and  feldspar;  hornblende  and  biotite  in  vary- 
ing amounts.  Localities:  Head  of  Squaw  Creek,  Foley  Peak,  Texana,  Custer  Peak, 
Butcher  Gulch,  Deadman  laccolith,  north  side  of  Vanocker  laccolith.  Two  Bit,  Pluma, 
Bear  Butte,  lower  portions  of  Sheep  Mountain,  Whitewood  Canyon  laccolith,  dikes 
in  many  portions  of  Terry  Peak  district,  Crow  Peak,  Inyankara,  Sundance  Mountain, 
and  Warren  Peaks. 

Andesile-porphyry,  diorite-porphyry,  and  diorite. — Porphj-ritic  rocks  containing  phe- 
nocrysts of  plagioclase,  orthoclase,  hornblende,  and  biotite  in  a  fine-grained  ground- 
mass  of  plagioclase,  quartz,  and  chlorite.  The  rock  shows  transitions  to  trachytic 
forms  which  may  be  called  syenite-porphyry.  Localities:  Sills  in  Squaw  Creek  and 
in  Ruby  Basin,  at  the  Needles,  and  in  the  region  of  the  Vanocker  laccolith. 

Diorite  forms  the  Deadwood  Gulch  stock  above  the  town  of  Central.     It  is  a  gray 
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rock  of  granitoid  texture,  showing  a  tendency,  however,  to  automorphisui  in  tlie 
component  minerals;  it  contains  hornblende,  plagioclase,  quartz,  biotite,  and 
accessory  orthoclase. 

Lamprophyre. — A  basic  rock  in  small  dikes  cutting  the  diorite-porphyry  of  the 
Needles,  and  again  near  the  head  of  Iron  Creek;  it  is  composed  of  a  line  automorphic 
aggregate  of  augite  and  feldspar,  with  accessory  hornblende  and  magnetite.  Irving 
considers  it  "the  final  and  basic  representative  of  the  soda-rich  magma  that  con- 
stitutes the  principal  Black  Hills  eruptive  series." 

It  will  be  seen  from  the  above  that  the  rocks  represented  are  not 
unlike  many  others  that  have  been  described  from  laccolithic  moun- 
tains of  the  Rocky  Mountain  region/  and  it  is  not  possible  at  present 
to  state  positively  whether  a  sharp  distinction,  marking  different 
eruption  periods,  may  be  drawn  between  the  phonolite-grorudite  and 
the  rhyolite-andesite  magmas.  The  evidence  points  rather  to  a  gradual 
transition  between  the  two.  The  terms  rhyolite  and  phonolite  are 
unfortunately  associated  with  extrusion,  and  it  might  be  less  confus- 
ing to  speak  of  these  rocks  as  granite-porphyries  and  monzonite-por- 
ph3'ries,  but  their  stx'ucture  would  hardly  warrant  such  a  terminology. 
In  distribution  the  dike  region  of  the  schist  area  contains  both  phono- 
litic  and  rhyolitic  rocks;  the  sills  of  Two  Bit  and  Squaw  Creek  districts 
are  in  general  andesite-porphyry  and  diorite-porphyry;  the  outlying 
thick  ''plug-like*'  laccoliths,  as  well  as  a  great  portion  of  the  greater 
Terry  and  Bearlodge  complexes,  are  mostly  rhyolite.  But  over  the 
rhyolite  on  many  hills,  as  Terry,  Deer,  Bald,  and  Sheep  mountains, 
occur  phonolitic  caps,  and  the  mass  of  Ragged  Top,  the  Spearfish 
Peak  group  of  laccoliths  in  the  Carboniferous,  and  Mato  Teepee  are 
phonolite.  The  diorite  magma  is  represented  by  a  great  stock  in 
Deadwood  Gulch,  and  its  porphyry  forms  the  mass  of  the  Needles  to 
the  west  and  portions  of  the  Vanockor  laccolith  to  the  east  (see  PL 
XVIII). 

KELATIN  K    AGE    OF    I'OKPIIYRIES. 

Differences  in  relative  age  among  the  porphyries  certainly  occur  if 
the  transection  of  one  dike  ))}'  another  may  be  considered  conclusive 
evidence  that  the  second  is  younger  than  the  first.  This  evidence, 
however,  has  no  conclusive  value  in  a  single  instance,  for  one  portion 
of  a  magma  might  readily  crystallize  and  .split  up  to  receive,  later, 
injections  of  differentiated  material  originally  part  of  the  same  igneous 
fluid.  Between  the  solidifying  of  No.  1  and  the  injection  of  No.  2  the 
time  elapsed  may  not  have  been  great  enough  to  cover  the  whole  period 
of  solidification  of  the  larger  masses  of  No.  1.  If  this  were  true  a 
later  injection  of  No.  1  might  elsewhere  cut  an  already  .solidified  body 
of  No.  2,  in  which  case  the  apparent  relations  in  age  would  be  reversed. 

'See  The  laccolitic  mountain  groups  of  Colorado,  Utnh,  nnd  Arizono,  by  Whitman  Cros.s:  Four- 
teenth Anil.  Rept.  U.  S.  Geol.  Survey,  Part  11.  1893.  Also.  .Iiidilh  Mountains  of  Montana,  by  Weed 
and  Pirsson:  Eighteenth  Ann.Rept.  U.S.  Geol. Survey.  I'urt  III,  1898. 
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The  piepondonince  of  evideiu-e  would  seem  to  .show  that  in  the  Bhiek 
Hills  the  phonolite  magma  as  a  whole  is  younger  than  the  ihyolite 
magma.  Within  each  of  these  there  is  probably  a  gradation  from 
basic  to  acid,  but  fine  distinctions  are  not  Avarranted  In'  the  petro- 
graphic  study  hitherto  given  to  these  rocks. 

Many  occurrences  in  the  field  of  dikes  of  one  kind  of  porphyry 
cutting  another  may  be  cited.  In  the  Two  Bit  district  the  greater 
masses  of  syenite-porphyry  vary  from  a  hornblende  fades  to  one  char- 
acterized chiefly  by  large  orthoclase  phenocrysts  with  poikilitic  inter- 
growths  of  plagiodase  and  other  minerals.  Dikes  which  cut  this  rock 
are  in  general  like  tlie  mass  of  Bear  Den  Mountain,  which  is  an  outl}^- 
ingsul>ordinate  laccolith.  (S(>e  PI.  XX.)  They  are  of  trachytic,  light- 
colored  porphyry,  showing  pink  microcline  phenocrysts.  They  may 
bear  some  relation  to  the  phonolites.  A  simihir  rock  with  amber-col- 
ored feld.><par  phenocrysts  in  a  gray  matrix  cuts  fine-grained  white 

aphanitic  iliyorue  in 
a  sn\all  dike  on  the 
Terry  branch  of  the 
Fremont,  Elkhorn 
and  ^Missouri  Valley 
Raih'oad,  on  the  spur 
between  Fantail  and 
Nevada  gulches  (fig. 
01).  Near  Alkali 
Creek,  on  the  divide 
from  Vanockcr 
Creek,  iiunierou.s 
dikes  cut  the  fine- 
grained rhyolite 
mass.  These  are  a  purplish  tracliytic  rock  with  glassy  feldspar  phe- 
nocrj'sts  showing  striation  (prol)ahly  oligoclase)  and  a  decomposed 
bisilicate.  Other  cases  of  the  rock  with  phenocrystic  pink  (microcline) 
feldspar  cutting  the  rocks  of  the  rhyolite-andesite  series  occur  on  the 
spur  south  of  White  Kock,  just  above  Dead  wood,  and  on  the  ridge  west 
of  the  head  of  Spruce  Gulch.  Near  the  sawmill  north  of  Kirk  Hill 
a  gray  rock  containing  much  mica  and  3ellow  feldspars  occurs  as 
a  dike  cutting  light-gray  rhyolite  which  shows  some  hornblende.  It 
is  prol>able  that  these  are  mostly  phonolitic  rocks  which  cut  rocks 
of  the  rhyolite-andesite  magma.  Irving  has  described  four  cases  of 
phonolites  cutting  (juailz-porphyries  and  diorite-porphyries. 

A  very  unusual  case  (fig.  02)  is  shown  in  a  section  near  Aztec  on 
the  Burlington  Railroad  (Spearfish  branch).  Here  a  mass  of  green 
phonolitic  porphyry  is  apparently  cut  by  an  irregular  swelling  intru- 
sion of  white  rhyolite  of  the  fine-grained  decomposed  type  so  common 
in  the  region.     Both  occur,  as  shown,  at  a  sloping  dike  contact  with 


Fig.  61.— r.rcen  i>h()nolite  out 
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Cambrian  shales.  All  the  evidence  in  this  case  would  show  the  rhyo- 
lite  to  be  the  3^ounger,  or  contemporaneous  with  the  phonolite.  The 
second  alternativ^e  is  the  more  probable.  The  two  magmas  may  grade 
into  each  other,  and  in  this  case  perhaps  the  green  tegirine  rock  was 
still  viscous  when  the  stream  of  white  rhyolite  was  injected  through 
it.  It  is  hoped  that  more  extended  study  of  the  petrography  of  the 
region  will  throw  light  on  these  relations. 

(4EOLOGICAL,    AGE    OF   PORPHYRIES. 

The  geological  age  of  the  porphyries  may  be  stated  in  only  the  most 
general  terms.  The  Bear  Butte  and  Little  Missouri  Buttes  laccoliths 
were  intruded  into  Benton  Cretaceous  and  were  unquestionably  cov- 
ered by  Niobrara  limestone.  Jenney  has  found  pebbles  of  Black  Hills 
porphyries  in  the  conglomerate  at  the  base  of  the  White  River  beds 
to  the  southeast,  and  similar  fragments  occur  in  the  Tertiary  beds  at 


Fio.  62.— Rhyolite  cutting  green  porphyry  near  Aztec. 

Lead.  The  Lead  Tertiary  clays  (Oligocene'O  are  deposited  in  an  old 
topography  1,800  feet  below  the  present  porphyry  sunmiit  of  Terry 
Peak  and  on  divides  800  feet  above  the  adjacent  gulches.  As  these  clays 
were  flood-plain  or  lake  {'i)  deposits,  of  mature  stage  in  the  early  Ter- 
tiary dissection  of  the  region,  an  additional  200  feet  may  be  considered 
a  most  conservative  estimate  of  height  for  the  original  porphyry 
upper  limit  of  the  Terry  Peak  INIountains.  This  porphyry  at  the  time 
of  its  intrusion  was  covered  by  a  thickness  of  strata  not  less  than  that 
of  all  the  formations  below  the  highest  beds  invaded;  a  minimum  esti- 
mate would  make  this  not  less  than  2,.o00  feet.  This  would  imply  a 
total  thickness  of  rock  eroded  away  above  the  present  Tertiary  beds 
at  Lead  of  -1,. 500  feet  (2,000  erosion  +  2,500  thickness);  accordingly, 
the  later  limital  epoch  of  the  intrusion  period  maybe  expressed  as  the 
beginning  of  a  4,500-foot  erosion  period  prior  to  the  Oligocene,  while 
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the  curlier  limital  epoch  is  the  Niobrara.  Between  these  there  is  the 
choice  of  Pierre,  Fox  Hills,  Laramie,  and  Eocene  times  for  the  intrusion. 
B3'  analogy  with  the  Rocky  ^Mountains  the  greater  uplift  in  the  Black 
Hills  probably  took  place  after  the  close  of  the  Laramie.  The  only 
evidence  in  the  inmiediato  Aicinity  of  the  Black  Hills  bearing  on  the 
question  Avhether  Laramie  beds  ever  extended  over  the  present  site 
of  the  hills  is  the  fact  that  they  are  tilted  up  l)y  the  Black  Hills  uplift 
on  the  west  side;  if  they  did  so  extend  they  may  have  attained  a  thick- 
ness of  several  thousand  feet.  The  thickness  of  the  Jura-Cretaceous 
below  the  Laramie  is  4,000  feet.'  Jf  the  tirst  uplift  of  importance  was 
in  Eocene  time  and  Laramie  beds  were  present  the  erosion  depth  at 
Lead  may  be  increased  by  several  thousand  feet.  There  are  analogous 
intrusions  of  Eocene  age  in  the  Rocky  Mountain  district  in  sufficient 
number  to  rendei-  very  probable  tlie  occurrence  of  igneous  activity, 
concomitant  with  uplift,  in  the  IMack  Hills  at  that  tune.  Thatorogenic 
disturbances  took  place  concomitant  with  intrusion  is  proved  l)y  the 
relation  of  the  Algonkian-Cambrian  contact  to  the  porpln-ries  at  many 
places,  the  latter  tilling  fault  tissures.  After  the  energetic  erosion  that 
led  to  deposition  of  Oligocene  l)eds,  and  probalily  reduced  the  topog- 
raphy of  the  Hills  to  nmch  lower  relief  than  that  of  the  present  day, 
"there  was  a  further  uplift,  which  has  given  a  verv  strong  tilt  to  the 
"White  River  deposits.'''^  No  porphyry  now  revealed  can  have  accom- 
panied this  last  uplift,  which  may  still  ])e  in  progress.  By  this  last 
movement  the  Oligocene  beds  at  Lead  have  been  lifted  and  the  pres- 
ent gulches  have  since  been  carved  l)elow  them.  The  following  is  a 
.summary  of  the  evidence  for  the  Eocene  age  of  the  eruptive;:: 

j  Laccoliths  in  tlie  Benton. 
Evidence  from  geology |  Dcforination  concomitant  witli  intrusion. 

I  P(jr])hyry  i)el)bles  in  Oligocene  sediments. 
Evidence  from  analogy f Post-Laraniie  uplift  of  Rocky  Mountains. 

IPost-Laramie  intrusions  of  Rocky  Mountains. 
Evidence  from  physiography    f  Probable  erosion  of  6,000  to  8,000  feet  of  strata  from 

I    above  level  of  present  Tertiary  clay  at  Lead. 

DISTKIHUTION   OF   IGNEOUS    BODIES. 

The  intrusive  rocks  occur  as  stocks  and  dikes  in  the  Algonkian  schist, 
sills  in  the  Cambrian  shales  where  tliat  formation  is  thick,  and  lacco- 
liths, which  in  the  Cambrian  thin  out  into  sills,  but  rise  into  thick  domes 
of  limited  horizontal  extension  where  the  magma  has  l)roken  through 
the  massive  Carboniferous  limestone  and  escaped  to  higher  horizons. 
These  relations  will  be  best  understood  by  reference  to  the  map,  PI. 
XIX,  where  Custer  Peak,  the  Woodville  Hills,  Deer  Mountain,  Dome 
Mountain,  and  the  Iron  Creek  mass  represent  laccoliths  in  the  Cam- 

1  The  writer  is  indebted  to  Mr.  N.  H.  Darton  for  data  and  discussion  on  this  question. 
'Quoted  from  Mr.  Darton,  letter  to  the  writer. 
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brian  associated  with  the  broad  sill  district;  this  in  turn  surrounds 
the  schist  area  of  stocks  and  dikes.  Outlying  masses  of  steep  domical 
form  which  have  broken  through  the  limestone  are  Ragged  Top, 
Citadel  Rock,  Crow  Peak,  Whitewood  Canyon  laccolith,  Pillar  Peak, 
Bear  Den  Mountain,  Deadman  laccolith,  Tilford  laccolith,  and  Bear 
Butte.  The  great  mass  of  the  Vanocker  laccolith  on  the  east  is  an 
exceptionalh^  large  body  which  in  part  has  broken  across  the  limestone. 
To  the  north  Crook  Mountain  and  Elkhorn  Peak  are  domes  of  Minne- 
lusa  sandstone,  where  erosion  has  not  yet  revealed  the  porphyry. 

In  the  schist  area  many  hundred  dikes  occur,  trending  usually  about 
N.  30°  "W.,  parallel  to  the  Algonkian  lamination,  and  this  trend  in  a 
general  way  corresponds  with  that  of  some  of  the  larger  laccolithic 
groups. 

Thus  a  line  of  porphja'ies  may  be  drawn  from  Custer  Peak  to  Crow 
Peak,  from  the  Tilford  laccolith  to  Elkhorn  Peak,  and  from  Two  Bit 
to  Polo  Peak,  possibly  indicating  an  alignment  of  conduits  beneath. 
At  four  points  stocks  have  been  indicated  on  the  map,  namel3^  at 
False  Bottom  Creek,  Deadwood  Gulch,  IMuma,  and  a  small  mass  east 
of  West  Strawberry  Gulch;  there  are  probably  others  in  the  hills  west 
of  Lead.  The  mass  at  Pluma  is  a  great  dike  for  a  portion  of  its  course, 
but  becomes  complicated  Avith  stocklike  bodies,  and  is  of  such  size  as 
to  warrant  independent  mapping.  The  area  of  sills  in  Cambrian  shales 
has  its  best  exposures  on  Two  Bit  Creek,  Spruce  Gulch,  on  the  ridge 
southeast  of  Deadwood,  on  False  Bottom  Creek  at  (iarden,  along 
Squaw  Creek,  and  on  Annie  Creek. 

MKCHANICS   OF   INTRUSION. 

KKLATION    or    INTKISION    TO    (IREATKU    .MOVKMENTS. 

Many  fresh  cuts  across  contacts  of  porphyry  Avith  schistor  Cambrian 
sediments  afl'ord  instructive  evidence  with  regard  to  the  general  rela- 
tion of  the  intrusions  to  (U'ogenic  deformation.  There  are  also  minia- 
ture phenomena  Avhich  throw  light  on  large  questions,  in  the  same  way 
that  a  lal)oratory  experiment  may  be  used  to  illustrate  a  principle. 
It  has  already  been  suggested  (p.  173)  that  the  work  of  an  igneous  l)ody 
doming  strata  ahovo  it  may  be  complicated  with  inherent  tendencies 
in  the  strata  to  buckle  under  orogenic  stress,  and  that  without  some 
such  stresses  fractures  could  not  readily  form  to  release  the  magma 
from  the  depths  below.  Throughout  the  Rocky  Mountains  igneous 
phenomena  have  accompanied  colossal  movements  of  uplift,  folding, 
and  faulting.  Relative  to  these  movements  the  igneous  action  was 
usually  but  an  incident.  It  seems  reasonable  to  suppose,  then,  that 
the  lirst  release  of  igneous  matter  among  the  Paleozoic  scdunents  of 
the  Black  Hills  took  place  by  piMinission  rather  than  by  aggression. 
After  entering  the  sedinuMits  d<)ul)tless  the  maormas  under  pressure 
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acted  locally  as  violent  deforming  agents.  The  schists,  filled  with 
dikes,  were  forced  apart  laterally,  the  Cambrian  charged  with  sheets 
and  laccoliths  was  greatly  expanded  in  thickness  and  deformed  hori- 
zontally, and  the  great  limestone  Avas  domed  up  over  the  Terry  Peak 
district  as  a  whole  and  was  locally  pimpled  and  punctured  by  the  small 
outlying  masses.  Thus  intrusive  action  in  the  scheme  of  geologic 
deforming  forces  is  both  effect  and  cause;  irruption  is  an  effect  of 
orogenic  fracturing,  a  cause  of  localized  doming  and  faulting.  The 
fault  fissures  and  fractures  through  which  igneous  material  flowed  con- 
tained necessarily  more  or  less  broken  material,  and  t\w  magma  in  its 
first  uprush  itself  fractured  and  comminuted  the  rocks  through  which 
it  passed.  The  result  is  a  breccia,  which  is  quite  as  nmch  to  be 
expected  in  association  with  an  intrusive  magma  that  has  never  reached 


Fig.  G3.  —Contact  (if  porpliyry.  ranibriaii,  af'fl  Alsonkian,  Nevada  Gnloh. 

the  surface  as  are  the  characteristic  tuffs  and  breccias  of  volcanic 
eruption.     Such  breccias  are  not  wanting. 


BRECCIATION. 


In  a  cut  on  the  switch  line  of  the  Fremont,  Elkhorn  and  Missouri 
Valley  Railroad,  on  the  north  side  of  Nevada  Gulch,  is  shown  a  section 
(fig.t)8)  that  illustrates  the  faulting  on  a  small  scale  so  frequently  ob- 
served in  the  Ruby  Hasin  (a  local  name  for  the  Bald  Mountain  mining 
district).  The  sketch  is  made  looking  north.  There  has  been  slipping 
approximately  on  lamination  planes  of  the  schist  to  form  steps  with 
the  upthrow  on  the  west,  and  this  movement  has  been  communicated 
to  the  Cambrian  quartzite  above.  Possibly  the  2-foot  dike  on  the  right 
follows  one  of  the  slipping  planes.  The  principal  fault  plane  in  the 
schist  is  concealed  by  talus.  The  contact  of  a  large  dik(i  on  the  western 
side  of  the  exposure  follows  an  oblique  joint  plane  across  l)oth  schistand 
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quartzite,  and  a  small  stringei'  from  this  dike  penetrates  the  schist  and 
spreads  along^  the  basal  contact  of  the  Cambrian.  This  occurrence  is 
similar  to  many  others  in  the  Golden  Reward  mines  immediately  to 
the  south,  and  it  is  in  part  by  such  step  faults  that  the  Alooiikian 
rises  so  rapid Ij^  from  Englewood  to  Nevada  Gulch. 

Breccias  are  very  abundant  throughout  the  porphyry  district,  but 
by  reason  of  their  friable  nature  they  are  naturally  concealed  ])y 
talus.  A  breccia  occurring  luider  porphyry  in  Hidden  Treasure  Gulch, 
and  again  at  the  head  of  the  Homestake  open  cut  at  Lead,  contains 
angular  or  roundish  fragments  of  a  banded  white  substance  which  is 
probably  largely  whitened  and  silicified  schist.  There  are  also  frag- 
ments of  graphitic  schists  and  quartz  in  a  brown,  muddy  matrix.     A 


Fig.  01. — Section  of  contact  of  Cambriun  sjindstone  and  porphyry  breccia  near  Brownsville. 

similar  lircccia  containing  coarse  angular  fragments  of  hematitic  schist 
and  black  graphite  schist  occurs  near  (iarden.  At  the  contact  of  a 
dike  near  Texana  two  varieties  of  breccia  occur.  One  is  very  friable 
and  is  composed  of  a  carboiiiut'ous  mud  (evidently  derived  from  the 
adjacent  graphitic  schi.st)  tilled  with  anguhir  white,  fragments.  The 
second  variety  contains  closely  crowded  fragments  of  graphite  and 
talc-schist  and  shows  ver}' little  of  a  white  chalky  matrix.  A  speci- 
men collected  on  the  eastern  spur  of  Bald  Mountain  shows  fine- 
gniined,  white,  subangular  fragments  (rliyolite^)  in  a  greenish-gray 
matrix.  The  rock  is  hard,  but  contains  rusty  vesicular  cavities. 
Similar  breccias  have  been  collected  in  S(|uaw  Creek.  Gold  Hun.  and 
under  the  colunuiar  porphyry  cap|)ing  the  hill  at  the  liend  of  (he  De 
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Smet  open  ciit.  This  relation  of  breccia  to  porphyry  occurring  imme- 
diatel\'  under  laccolithic  masses  is  a  common  one.  A  similar  breccia 
containing-  very  large  fragments  occurs  in  the  Hoodoo  mine,  under 
the  I'nion  Hill  laccolithic  mass. 

In  tig.  CA  is  shown  the  contact,  looking  north,  of  a  porphyry  breccia 
with  Cambrian  glauconitic  sandstones  and  limestones.  The  locality 
is  a  prospect  hole  in  the  southeastern  end  of  a  hill  IJ  miles  northeast 
of  Brownsville.  On  knolls  south  of  this  outcrop  a  peculiar  porphyry 
breccia  occurs  in  scattered  outcrops  for  three-quarters  of  a  mile.  The 
breccia  is  probably  at  the  base  of  an  extension  of  the  Custer  Peak 
laccolith  (see  map,  PI.  XIX),  of  which  these  outcrops  are  isolated 
remnants.  A  friction  Ijreccia  occurs  along  the  Cambrian  contact, 
composed  of  reddish  sandy  material.     The  porphyry  breccia  is  pink, 


made  up  of  angular  fragments  of  banded  white  or  pinkish  rock  that 
appears  to  l)e  an  altered  sediment.  There  are  many  small  fragments 
of  chalcedonic  sulistance,  quartz,  and  pieces  of  dark  porphyritic  rocks 
in  a  hard  dark-red  matrix,  of  which  very  little  is  present.  The  matrix 
is  crowded  with  small  white  angular  fragments.  The  rock  as  a  whole 
is  hard  and  trachytic,  porous,  and  contains  rusty  cavities. 

That  these  breccias  are  actually  contemporaneous  with  the  igneous 
rock  is  proved  by  the  frequent  occurrence,  in  the  matrix,  of  crystalline 
structure  identical  with  that  of  the  porphyry.  Such  breccias  occur  as 
a  large  dike  west  of  upper  Two  Bit  Creek,  and  on  the  west  side  of 
Pillar  Peak.  In  the  last  case  distinct  feldspar  phenocrysts  may  be 
seen  in  the  matrix  of  the  breccia.  A  limestone  breccia  from  a  porphyry 
contact  on  the  northwestern  spur  of   Richmond  Hill  shows  angular 
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fragments  of  gray  limestone  and  some  pieces  of  Cambrian  sandstone 
in  a  hard,  yellowish-brown  siliceous  matrix;  here  the  porphyry  cuts 
Algonkian,  Cambrian,  and  Carboniferous.  In  the  Little  Missouri 
Buttes  and  Mato  Teepee  occurs  a  tuffaceous  breccia  containing  frag- 
ments of  many  of  the  rocks  below  the  horizon  of  intrusion,  and 
similar  fragments  occur  in  the  heart  of  the  porphyry  as  well.  All 
the  breccias  mentioned  are  occasioned  by  and  contained  in  igneous 
rock;,  they  must  not  be  confused  with  the  limestone  breccias  of  the 
Cambrian,  which  occur  as  lenticular  bodies  among  the  shales  and  are 
the  product  of  deformatiori  ({uite  independent  of  the  intrusives. 


INTRIIKION    IN    MINIAiUKK. 


It  will  be  seen  that  the  essential  features  of  the  intrusion  of  sills  and 
laccoliths  are  a  molten  mass  impelled  froin  below  and  strata  variously 


upper  contact  of  sill,  Galena. 


shaly  and  massive.  These  features  may  occur  in  miniature  as  well  as 
on  a  large  scale,  where  in  thin-bedded  series  alt(U'nate  bands  of  shale 
and  limestone  occur,  as  in  the  Cambrian,  and  where  the  intrusive  is 
sufficiently  liquid  to  penetrate  among  the  individual  beds.  Instructive 
miniature  phenomena  occur  along  contact  walls  of  sills  and  dikes,  and 
it  is  interesting  to  compare  the^-e  phenomena  with  those  of  larger 
masses,  which  can  never  be  so  completely  observed  in  cross  section. 
The  upper  contjict  of,a  sill,  12  feet  of  which  is  exposed  under  the  Sit- 
ting Bull  mine,  opposite  the  smelter  at  Galena,  shows  a  number  of 
irregular  offshoots,  and  these  locally  deform  the  Cambrian  bedding. 
The  most  striking  of  these,  shovvn  in  iig.  65,  is  a  miniature  lens  or  lac 
eolith  of  phonolit€  injected  obliiiucly  through  a  split  in  the  strata  above 
the  greater  sill,  arching  up  the  limestone  flags  above  and  hevdtnx/  down 
tJwse  hel<rw,  so  that  they  are  fractured  and  gape  open  in  contact  with 
the  greater  mass  of  porphyry,  and  have  spread  apart  to  receive  tbe 
injection  of  a  little  sill  under  the  lenticular  body.     The  greater  uiass 
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below  was  evidently  liquid  or  viscous  at  the  time  the  smaller  mass 
opened  its  fissure.  The  latter,  an  offshoot  of  the  greater  mass,  could 
not,  by  hydrostatic  pressure  alone,  bend  down  the  folia  against  the 
larger  liquid  body  at  a  lower  level.  It  seems  proba})le  that  the  down- 
bending  was  occasioned  by  differential  contraction  of  the  two  masses 
while  solidifying.  Small  faults  and  crumples  at  the  side  of  these 
miniature  domes  are  common  along  this  contact,  and  f  i-equently  the 
cross  section  shows  domelike  projections  fi'om  the  greater  sill  (see 
figs.en  and  67)  which  arch  the  beds  above  them  and  also  cut  across  the 
flags,  limestone  breccias,  and  shales  to  a  certain  extent.  The  arching 
produced  locally  in  this  fashion  is  usually  completely  absorbed  a  foot 
or  two  above  the  eruptive,  so  that  the  higher  beds  are  quite  hori- 
zontal. Flow  lines  parallel  to  the  contact  are  common,  and  in  the 
case  of  the  small  lenticular  l)ody  (tig.  (55)  they  show  that  solidification 


oiituct  of  sill  cutting  limestone  breccias,  Galena. 


on  the  walls  was  succeeded  by  an  inflow  of  more  of  the  fluid  in  pro- 
gressively smaller  cross  section. 


I'SEIDO-CONGLOMEKATES. 


Besides  the  dip  away  from  the  core  of  the  Black  Hills,  which  uni- 
formh"  on  the  rim  of  the  uplift  indicates  deformation  of  once  horizon- 
tal sediments  by  forces  other  than  those  immediately  generated  by  the 
recent  intrusives,  there  is  interesting  evidence  presented  by  the  lime- 
stone breccias  which  are  so  abundant  in  the  Cambrian.  These  occur 
in  lenticular  masses,  sometimes  merging  into  unbroken  limestone  flags 
interspersed  among  beds  of  green  shale,  the  flags  carrying  trilobite 
fragments.  These  fragments  of  trilobites  may  also  be  seen  in  the  flat 
or  rounded  "pebbles"  of  the  limestone  breccias,  and  this  bars  the  pos- 
sibility, suggested  by  Crosby,'  that  these  breccias  are  conglomerates 
derived  from  an  Algonkian  limestone.     The  breccias  in  question  were 

1  Proc.  Bost.  Soc.  Nat.  Hwt.,  Vol.  XXIII,  p.  497. 
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formed  by  crushing,  accompanied  in  some  cases  by  minute  foldings  of 
the  limestone  bands,  the  brittle  laminae  breaking  on  the  most  acute 
flexures,  or  else  breaking  into  flat  pieces  under  the  influence  of  pres- 
sure without  any  considerable  flexui'e. 

Infiltration  of  waters  which  dissolved  off  the  edges  and  corners  of 
these  broken  fragments,  later  cemented  the  mass  by  depositing  crys- 
talline dolomite  as  a  matrix  for  the  pseudo-conglomerate.  These 
"intraformational  breccias"  are  abundant  in  the  Two  Bit  district, 
where  are  also  many  sills  and  dikes  of  porphyry,  and  the  question  fre- 
quently arises  in  the  field  whether  the  deformation  which  fractured  the 
limestone  beds  and  the  waters  which  cemented  them  were  in  any  way 
associated  with  the  intrusives.  A  negative  answer  to  this  question 
was  clearly  aft'orded  by  the  upper  contact  of  the  sill  figured  (fig.  67). 
In  the  lenticular  masses  of  limestone  breccia  here  shown  there  are 
developed  locally  distinct  folds,  which  pass  by  gradations  into  a  brec- 
cia, holding  fragments  tilted  at  all  angles,  frequently  without  order  or 
arrangement.  Careful  examination  shows  that  often  these  may  be 
resolved  into  former  folds  by  joining  the  adjacent  "pebbles."  The 
work  of  solution  and  recrystallization  on  the  fractured  bends  has 
nearly  obliterated  the  original  crumpling. 

This  locality,  showing  distinct  crumpling  occasioned  by  the  por- 
phyry in  some  of  the  beds  and  the  ancient  crumpling  associated  with 
the  development  of  the  pseudo-conglomerates,  offers  an  excellent 
opportunity  to  test  the  question  whether  the  porphyry  was  immedi- 
ately the  occasion  of  the  brecciation.  The  contact  shows  distinctly 
that  it  was  not.  The  limestone  breccias  are  irregularly  cut  across  by 
the  porphyry  both  on  the  old  folds  and  in  places  where  all  trace  of 
folding  has  disappeared.  In  other  cases  where  fragments  of  the  brec- 
cia still  remain  horizontal  th(;  porphyry  cuts  across  fragments  and 
matrix  alike.  The  unbrecciated  limestone  bands  are  occasionally  folded 
and  fractured  l)y  the  porphyry,  and  on  the  fractures  there  is  evidence 
of  some  recrystallization,  so  that  it  is  not  impossible  that  in  [)laces  a 
newer  breccia  may  owe  its  origin  to  deformation  by  intrusion;  but  in 
most  cases  the  limestone  breccias  of  the  Cambrian  were  formed  ))efore 
the  intrusives.  This  is  furth(U'  evidenced  by  the  fact  that  these  breccias 
occur  in  many  parts  of  the  Hills  wheie  the  younger  eruptives  are 
absent,  so  that  it  is  fair  to  conclude  that  the  evidence  indicates  a  period 
of  deformation  later  than  the  Cambrian  and  earlier  than  the  laccolithic 
intrusives.  Similar  limestone  breccias  occur  less  abundantly  in  the 
Carboniferous  and  Permian  limestones.  Weed  has  figured'  a  Cam- 
brian limestone  conglomerate  from  the  Judith  Mountains  that  in  the 
photographic  illustration  is  the  exact  counterpart  of  the  Black  Hills 


'Judith  Mountains  of  Montana,  by  Weed  and  I'iriwon:  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey, 
Part  in,  1898,  PI.  LXX.  Also,  Little  Belt  Mountains:  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  Part 
III,  vm,  PI.  XXXIX. 
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Cambrian  beds.  He  believes  it  to  have  been  formed  on  a  shingly 
beach.  The  writer  would  suggest  that  possibly  many  supposed  con- 
glomerates may  be  intraformational  breccias*  composed  of  limestone 
fragments,  formed  by  crushing  and  recrystallization  of  matrix,  as 
described,  rather  than  by  uplift  above  sea  level. 

TOI'OUKAPUY    OF    I'OKPHYKIKS. 

Ii\  g(n»oral  the  topographic  effect  of  the  porphyries  is  to  produce 
strong  elevations,  either  by  their  own  resistance  to  erosion  or  by  con- 
comit^int  induration  of  the  adjacent  sediments.  Dikes  in  schist  some- 
times form  conspicuous  ledges,  in  other  cases  valleys,  as  in  the  case  of 
the  great  dike  at  Pluma.  Sills  in  the  Cambrian  may  make  slight 
benches  on  graded  slopes  or  merely  color  bands  in  can3'on  walls. 
Laccoliths,  according  to  the  degree  of  their  uncovering,  may  form 
hollows,  hills,  or  mount;iins.  Theii-  physiography  is  discussed  more 
fully  in  Chapter  III. 

The  weathering  of  the  fine-graincKl  rhyolite  is  frequently  more  con- 
spicuous than  that  of  the  phonolite,  which  in  tliis  district  is  notably 
fresh.  Often  the  rhyolite  shows  a  remarkable  red  staining  in  spheri- 
cal shells  throughout  joint  blocks;  the  large  proportion  of  orthoclase 
accounts  for  the  decomposition  to  kaolin.  Frequenth-  both  quartz- 
porphyries  and  phonolites  weather  into  spheres  with  concentric  shells. 

>C.  1).  Walcott,  Bull.  Gcol.  Soc.  America,  Vol.  V,  pp.  191-198. 
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WAHKKN,     IIAYDEN,    AM)    WI NCII  KI.Tv. 

The  earliest  references  to  eiuptive  porphyry  in  the  Blaek  Hills  occur 
in  the  reports  of  Warren,'  Hayden,''  and  Winehell.^  Warren  men- 
tioned Inyankara  Peak,  Bearlodge,  the  Little  Missouri  buttes,  and 
Bears  Peak  (Bear  Butte)  as  ''volcanic'."  Hayden  described  Bear  Butte 
as  an  "isolated  protrusion"'  of  igneous  rock,  surrounded  by  "dis- 
turbed beds  forniino-  aiuuilar  ridges."  Winchell  visited  Inyankara 
and  Bear  liutte;  the  former  he  described  as  a  "single  isolated  out- 
burst." greatly  tilting  and  shattering  the  Carboniferous  limestone,  and 
but  little  aflecting  the  Red  Beds,  which  he  believed  unconformable 
above  the  Carboniferous  rocks.  Th(>,  Bear  Butte  igneous  mass  he  con- 
sidered "thrust  up  after  the  deposition  of  the  Carboniferous  lime- 
stone. ""  *  *  AfS  to  the  origin  of  this  rock,  it  is  undoubtedly 
eruptive."'  In  the  cases  of  both  Bear  Butte  and  Inyankara,  Winchell 
notes  the  significant  facts  that  '"on  the  side  toward  the  hills,  in  each 
case,  the  encii-cling  ridge  [of  sediments]  is  low  or  wanting."  None  of 
the  earliei-  explorers  defined  clearl}'  the  intrusive  nature  of  the  eruptive 
rocks. 

NKWTdN    AM)   .IKNNKV. 

In  Newton  and  Jeiuiey's  more  complete  report*  explicit  descriptions 
are  given  of  the  several  erujitive  peaks,  and  these  will  be  referred  to 
in  the  following  pages.  Newton  and  Jenney  recognized  the  intrusive 
natun;  of  the  igneous  l>odies,  though  the  word  "extrusion,"  used  pre- 
sumably in  the  utuisual  sense  of  irruption,  or  rushing  in  of  igneous 
material,  leads  to  some  confusion  in  Newton's  text.  The  following 
quotations  will  show  the  more  general  facts  and  theories  developed  bx'^ 
the  Newton  survey: 

The  volcanic  peaks  are  curioii.sly  limited  w  ithiii  the  refrioii  of  survey  by  a  parallel 
of  latitude.     Tlie  line  of  44°  10'<Hvides  the  ii})lift<."d  area     *    *     »     into  equal  parts. 


'  Explorations  in  Ncl)rBsl{a  mid  Dakota  in  18.^),  llW,  lWi7,  by  (i.  K.  Warren,  Kngineer  Department, 
V.  S.  A.,  Washington,  1«75,  p.  30. 

'Geologieal  Report  of  the  Exploration  of  tlie  Yellowstone  and  Missouri  rivers,  IWiSt-W,  by  F.  V. 
Hayden,  Washington,  ls(i9,  p.  •t'2. 

"(ieologieal  Report  on  the  Blaek  Hills,  by   N.  II.  Winchell;  Reconnoissance  of  1M74,  t>y  Captain 
William  Ludlow,  Engineer  Department,  I'.  S.  A.,  WHshitigton.  IHT.S,  pp.  17,  37. 

^Reiiorton  the  Geology  and  Resources  of  the  Black  Hills  of  Dakotji,  by  Henry  Newton  and  Waller 
P.  Jenney:  V.  S.  (ieog.  and  Geol.  Surv.  Rocky  Mountain  region,  Washington,  18H0,  pp.  189,  219,  2^ 
21   (iKOL,   IT  8— 01 14  1^''> 
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South  of  the  line  there  is  no  volcanic  peak  either  in  the  Hills  area  or  in  the  vicinity; 
north  of  it  they  dot  the  country  in  every  direction.  They  do  not  seem  to  bear  toward 
one  another  any  relation  of  distribution  or  intensity  of  igneous  action.     *    *    * 

The  main  points  of  eruption  are  as  follows:  Within  the  area  of  the  Hills  proper, 
Custer,  Terry,  an<i  Crow  peaks,  and  Black  Butte  [Spearfish  Peak];  northeast  of  the 
hills,  on  the  edge  of  the  plain,  Bear  Butte;  in  the  Red  Valley,  on  the  northwest  side 
of  the  Hills,  Inyankara,  Sundance  Hills,  a  nameless  peak  [Black  Buttes]  nortlieast 
of  Inyankara,  and  Warren  Peaks  of  the  so-called  Bear  Lodge  Range;  on  the  Belle 
Fourclie,  Mato  Teepee  or  Bear  Lodge;  and  near  the  head  of  Little  Missouri  River, 
the  Little  Mis.souri  buttes. 

Specimens  from  nearly  all  the  prominent  peaks  have  been  critically  examined  by 
Mr.  Caswell,  who  finds  that  they  have  a  common  facies,  although  some  fall  into  the 
division  of  rhyolite  and  others  into  that  of  sanidin-trachyte  [phonolite  and  a>girine 
rocks]. 

In  the  structure  of  the  peaks  the  first  fact  that  strikes  the  observer  is  their  uni- 
formly conical  shape.  To  this  rule  Bear  Lodge  is  the  only  exception,  and  this,  with 
its  symmetrical  columnar  shape,  is  the  most  remarkable  of  all.  The  peaks  appear 
to  be  merely  pointed  or  CDuical  waves  of  igneous  rock  forced  upward  through  the 
sedimentary  strata  which  are  found  disturbed  and  turned  up  around  them  only  in 
their  immediate  vicinity.  The  metamorphism  of  the  ui)turneii  strata  is  limited  in 
extent,  reaching  oidy  a  few  feet  from  their  contai't  with  the  igneous  rocks.  There 
was  ob.served  no  evidence  of  any  overflow  of  the  igneous  matter,  but  it  is  confined 
exclusively  to  the  cores  of  the  peaks.  The  view  that  they  are  the  cores  of  extinct 
volcanoes  or  centers  of  igneous  overflow  is  scarcely  warranteil  by  the  ob.served  facts. 
*  *  *  It  would  api)ear  that  the  igneous  peaks,  in.stead  of  being  the  product  of 
violent  volcanic  action,  are  situated  at  a  great  distance  from  the  central  and  maxi- 
mum region  of  igneous  action;  and  that  instead  of  the  material  being  ejected  with 
great  violence  and  at  such  a  temperature  as  to  cause  it  to  overflow  readily,  it  was 
forced  forward  through  the  sedimentary  strata  under  great  pressure  and  at  such  a 
temjierature  as  to  make  it  plastic  rather  than  fluid.  The  occurrence  of  these  trachytic 
peaks  api)ears  like  a  great  jmMulirr  onlhreak '  on  the  surface  of  the  northern  end  of  the 
Hills,  whereby  the  deep-seated  igneous  forces  were  relieved,  or  like  the  appearance 
of  bubbles  on  the  ioirfure  of  a  kettle  of  boiling  tar. 

The  displacements  associated  with  the  igneous  rocks  modify  the  form  and  destroy 
the  simi)]icity  of  the  great  displacement,  but  they  have  no  discernible  relation  to  it 
exrept  tie  relation  of  superposition.  Whether  they  were  formed  before  or  during 
or  after  the  uprising  of  the  great  arch,  there  is  nothing  in  their  distribution  to  sug- 
gest that  they  are  in  any  wise  dependent  upon  it  or  closely  related.  Some  of  them 
are  near  the  crest  of  the  arch,  .some  are  where  the  rocks  are  steeply  inclined  at  the 
sides  of  the  arch,  many  are  on  the  gentle  slopes  of  the  northern  prolongation,  and  at 
least  one  is  entirely  outside  of  the  hills.  They  are  so  much  smaller  than  the  pro- 
tuberance on  which  they  rest  that  they  .seem  to  be  merely  superjicial  phenomena — a 
sort  of  skin  disea.se  upon  the  mrfoce  of  the  tumor. 

In  the  above  theoretical  discus.sioii  by  Newton  the  word  ".surface" 
and  reference  to  a  ".skin  disea.se"  .show  clearly  that  he  conceived  the 
porphyries  to  have  been  covered  by  no  verj'  deep  mantle  of  sediments; 
the  .suggestion  is  of  viscous  fluids  blistering  a  thin  supei'ticial  layer. 
That  this  was  his  idea  is  borne  out  by  his  reconstruction  of  the  Black 
Hills  dome  with  a  minimum  of  only  600  feet  of  strata  above  the  Dakota 
sandstone  (p.  205).  Newton  indicated  the  period  in  which  the  por- 
phyries were  intruded  as  lying  between  Benton  (yretaceous,  the  strata 


1  The  italics  liere  and  below  are  the  reviewer'; 
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inyaded  by  Boar  Butte,  and  White  River  Tertiary,  where  porphyry 
pebbles  occur  in  a  basal  gravel  deposit;  but  he  states  clearly  that  '"the 
date  of  igneous  activity  is  very  far  from  csta})lished,  and  its  relation 
to  the  uplift  of  the  hills  is  not  even  determined."' 

CROSBY    AM)   CARPENTEK. 

Crosl)y,  in  1888,'  mentioned  the  presence  of  true  laccoliths  in  the 
Black  Hills.  Carpenter,"^  in  the  same  year,  speaks  of  Bear  Butte  and 
Mato  Teepee  as  "volcanic  plugs."  Of  the  others  Carpenter  writes  as 
follows:  "Some  of  these  bodies  appear  to  be  true  laccolites,  among 
which  may  be  mentioned  Terry's  Peak  and  Black  Butte.  Some  upward 
bulges,  like  Little  Sundance  Mountain,  resembling  (xilbert's  'Pulpit 
Arch,"  I  formerl}'  believed  to  mark  the  position  of  uncovered  lacco- 
lites. but  they  probably  marked  only  the  position  of  plugs  of  volcanic 
matter  like  the  Boar  Lodge  [Mato  Teepee],  and  present,  possibly,  the 
same  appearance  that  it  did  before  the  removal  of  the  Cretaceous  from 
around  it."^ 

RUSSELL    AND    I'lRSSON. 

Russell  (1896)  proposed  for  those  intrusions  the  name  "plutonic 
plugs,"  without,  however,  defining  very  precisely  the  distinction 
between  a  plug  and  a  laccolith.  "The}'  differ,"  he  states,  "from  the 
laccolites  described  by  G.  K.  Gilbert*  in  the  fact  that  the  molten  rock 
did  not  spread  out  horizontally  among  the  stratified  ])eds  so  as  to  form 
"stone  cisterns,"  although  some  of  the  hills  named,  which  had  not 
been  examined  by  the  writer,  may  reveal  this  structure  when  more 
thoroughly  examined.  *  *  *  As  they  are  composed  of  igneous 
matter  forced  into  sedimentary  strata  and  have  a  plug-like  form,  it 
will  be  convenient  to  call  them  ^>/(<to?</6*  ^^^w/.s."  Mato  Teepee  and 
Little  Sundance  Dome  ((ireen  Mountains)  are  cited  as  the  two  extreme 
types  of  plugs,  the  first  an  eroded  renmant  where  "  the  arch  of  strat- 
ified rock  which  once  surmounted  the  summit  of  the  plutonic  plug  has 
been  completely  removed  and  the  surrounding  strata  eroded  away,"' 
the  second  "an  unbroken  dome  of  stratified  rock  arching  over  the 
summit  of  a  concealed  mass  of  plutonic  rock."  "^  Russell's  view  has 
been  somewhat  the  subject  of  controversy.-  Pirsson"  in  conuucnting 
upon  it  believes  "it  is  impossible  to  conceive  that  the  tall,  shaft-like 
mass  of  Mato  Tepee,  with  a  vertical  colunmar  structure  whose  columns 

'Geology of  the  Black  Hillsof  Dakota, by  W.O. Crosby:  Proc. Boston  Soc. Nat.  Hist.,  Vol.  XXIII,]88H, 
pp. 488-617;  Vol.XXlV.p.  11. 

'Preliminary  Report  of  tlie  Dakota  School  of  Mines,  Kapiil  City,  1««8,  by  F.  R. Carpenter.  Notes  on 
the  Geology  of  the  Black  Hills. 

Mbid..  p.iJO. 

<  Report  on  the  Geology  of  the  Henry  Mountains.  WashinRton,  1877. 

f^Igiieons  intrusions  lu  the  neighborhood  of  the  Black  Hills  of  Dakota,  by  I.  V.  Kii-sell:  Jour  (iool.. 
Vol.  IV,  189B,  p.  2:1. 

"(Jeology  and  mineral  resources  of  the  Judith  Mountains  of  Montana,  by  W.  H.  Weed  ami  I>.  V. 
1'  rssiii::  ElKhtccnth  Ann.  Kept.  U.S.  Geol.  .Survey.  Part  III,  1898,  p.  58-2. 
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are  several  hundred  feet  long,  can  be  a  volcanic  plug  in  a  condition 
anywhere  near  approaching  its  original  horizontal  diameter.  The 
mechanics  of  the  jointing  of  igneous  rocks  forbids  such  a  suppo- 
sition, and  we  must  believe  that  it  represents  only  a  still  uneroded 
fragment  whose  vertical  walls  are  pi-oduced  by  the  columnar  structure 
of  a  mass  which  formerly  was  of  nuich  greater  lateral  extension  and 
possibly  of  laccolithic  farm." 


A  valuable  pajHM-  l>y  J.  D.  Irving'  lias  recently  been  published,  in 
which  the  conclusion  is  reached  that  the  most  important  influence  on 
the  form  of  an  intrusive  body  is  the  character  of  the  sedimentary  rocks 
invaded.  With  the  following  conclusions  ])y  Dr.  Irving,  the  present 
writer  is  heartily  in  accord: 

In  the  .\lgonkian  areas,  where  the  schists  and  slates  are  tilted  on  end,  the  lines  of 
least  resistance  lie  in  an  approximately  vertical  direction,  and  we  have  a  great  pro- 
fusion of  dikes,  t-onforniing  *  *  *  t<)  the  strike  and  dip  of  the  slates.  So  soon, 
however,  as  tlie  eruptives  reach  the  Canihrian  formation  *  *  *  the  lines  of  least 
resistance  lie  in  a  horizontal  direction,  and  eruptives  on  encountering  the  heavier 
members  of  this  formation  have  found  it  easier  to  insinuate  themselves  tetween  the 
easily  cleavable  shales  and  sandstones  than  to  break  through  the  heavy  overlying 
rocks.  Therefore  we  find  the  predominant  type  of  intrusion  in  the  Cambrian  forma- 
tion to  be  the  intruded  sheet.  *  *  *  If  the  intruded  mass  has  been  large  and  the 
force  of  intrusion  great,  not  only  has  the  rock  spread  out  between  the  sediments,  but 
it  has  domed  up  those  which  overlay  it,  producing  a  laccolite. 

Irving  notes,  further,  that  higher  intrusions,  doming  up  and  ])rcak- 
ing  through  the  massive  limestones  of  the  Carboniferous,  have  "small 
thick-set"  forms.  He  believes  that  Professor  Russell  "would  have 
modified  his  views  very  iiuich  had  he  been  able  to  see  the  eruptive 
region  of  Terry  Peak." 

It  will  be  seen  b}-  the  foregoing  brief  sunmiary  of  what  has  been 
written  on  the  Aounger  igneous  rocks  of  the  Black  Hills  that  there  is 
some  diversity  of  opinion  concerning  the  form  of  the  eruptive  bodies 
and  the  dynamic  conditions  by  which  they  originated.  The}^  have  })een 
varioush'  described  as  volcanic  and  plutonic  plugs,  extrusions,  sheets, 
overflows,  laccolites,  pustular  eruptions,  protrusions,  and  outbursts. 
One  writer,''  who  visited  only  outlying  subordinate  laccoliths,  remarked 
on  the  absence  of  dikes,  finding  no  evidence  as  to  "how  the  stratified 
beds  below  the  domes  that  covered  the  plugs  were  displaced,  or  per- 
haps  fused,  so  as  to  furnish  room  for  the  passage  of  the  intruded 
material."  In  the  mining  districts,  one  (-ontinually  hears  mention  of 
flows  and  overflows — the  error  arising  from  reverse  conditions  to 
those  of  the  outl3dng  di.stricts— the  region  being  characterized  by 

'A  contribution  to  the  geology  of  the  northern  Black  Hills,  by  John  Uuer  Irving:  Ann.  New  Vork 
Acad.  S<i..  V(,l.  XII,  No.  9,  p.  187  et  seq. 
-T.  r.  kiisMll.  loc.  cit. 
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dikes  which  bend  into  uncovered  sills  and  by  irregular  cros.s-cutting 
lower  contacts  of  laccolithic  bodies.  The  natural  inference  from 
narrow  and  localized  experience  here  is  that  these  rhyolites  welled  up 
and  overflowed  an  ei'oded  surface,  no  cover  being  now  visible. 

All  the  intrusions  hitherto  descril)ed  and  a  number  of  others  not 
recorded  have  been  visited  with  a  view  to  the  preparation  of  this 
paper,  and  in  this  chapter  the  facts  of  ol>servation  are  presented. 
As  far  as  possible  the  theoretical  conclusions  deduced  from  these 
observations  aie  reserved  for  a  latiM-  chaptei-. 

LACCOLITHIC   INTRUSIVES   OF   DEADWOOD   DISTRICT. 
(;K()L()(;1CAL    MAI'. 

The  accompanying  geological  map  (PI.  XX)  is  of  a  portion  of  the 
Sturgis  quadrangle  (see  Pi.  XVIII)  showing  the  Two  Bit  mining  dis- 
trict in  the  region  east  of  Deadwoodandthe  intrusive  masses  northwest 
of  the  town  of  Runkel.  These  two  districts  ai"e  separated  by  a  syn- 
clinal valley,  the  syncline  being  formed  ])y  the  depression  between  the 
domical  uplifts  occasioned  by  the  gi'eater  intrusions.  Detailed  study 
in  these  districts  has  thrown  nuich  light  upon  the  dynamics  of  intrusion 
characteristic  of  the  younger  porphyries  in  tlie  Black  Hills,  and  it  will 
be  well  to  describe  in  some  detail  the  laccoliths  here  as  types  fiom 
which  may  be  drawn  general  conclusions  that  find  continuation  in  other 
localities. 

The  southern  ])art  of  tli(>  map  (PI.  XX)  shows,  in  Two  Bit  Valley  and 
on  the  hills  east  and  west  of  it,  a  complication  of  intrusive  sills  and 
dikes  in  Cambrian  dolomitic  flagstones  and  shales,  which  can  not  be 
adeciiiately  rej)resented  on  a  map  of  this  small  scale.  The  most  con- 
spicuous feature  in  the  held  is  the  large  numt)er  of  sills,  varying  in 
thickness  from  •!  to  ?M  feet  or  more,  and  at  a  iunul)ei'  of  localities  these 
are  cut  across  l)y  dikes,  or  themselves  bi(>ak  ujjward  obliciuely  across 
the  strata,  merging  into  other  masses  at  liigher  horizons  (Section  D-fj, 
PI.  XXI).  In  Two  Hit  Canyon  good  sections  are  exposed,  but  in  the 
upper  part  of  the  valley  the  rounded  hills  covered  with  debris  fre- 
quently show  these  alternations  of  porphyry  and  >hale  only  by  lines 
of  surface  float  or  in  artiricial  diggings. 

On  the  .south westei'ii  border  of  this  map,  and  along  Strawbeny  Creek 
on  the  extreme  southern  border,  the  Algonkian  rocks  are  shown  cut 
by  numerous  dikes,  which  pass  up  into  the  Caml)rian  series  and  form 
the  conduits  through  which  many  of  the  higher  sills  and  laccolithic 
masses  were  intruded.  The  base  of  the  Caml)rian,  for  a  distance  of 
about  5  miles  south-.southwest  from  Deadwood,  forms  a  continuous 
escarpment,  through  which  the  porphyries  have  broken  at  many 
points,  the  (luartzite  dipping  gently  to  the  northeast,  forming  a  wall 
along  the  crest  of  Strawherrv  Hidge.  thiough  which  hei-e  and  there  a 
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deep  chas;in  marks  the  presence  of  a  dike.  On  the  northwestern  dip 
slope  of  this  ridge  is  usually  found  a  cap  of  porphyry,  frequently 
eroded  awa\-  from  the  immediate  summit  of  the  escarpment,  but 
leaving  traces  of  its  lower  contjict  with  the  quartzite  in  the  shape  of 
irregular  nodules  of  white  quartz,  which  are  characteristic  of  the  con- 
tact zone  where  the  porphyry  sill  and  quartzite  are  seen  together, 
as  on  the  spur  just  south  of  Deadwood.  At  a  higher  point  of  the 
escarpment,  near  the  head  of  West  Strawberry  Creek,  there  is  some 
appearance  of  faulting,  the  Caml)i-ian  strata  being  broken  across 
obli(iuely  by  th»>  porphyry,  and  the  Itasal  beds  of  the  Cambi-ian  lying 
at  a  much  lower  level  on  the  southwestern  side  of  the  valley  than  on 
the  northeastern,  where  they  appear  to  have  been  })ushed  up  l>y  the 
porphyry.  In  this  case,  as  in  others  to  be  mentioned,  the  trend  of 
the  fault  plane  is  NW.-SK.,  and  the  faulting  appears  to  have  ])een  con- 
temporaneous with  the  ir)trusion.  Tiiis  trend  conforms  with  the  gen- 
eral strike  of  the  sediments  here  on  the  northeastern  side  of  the  Black 
Hills  uplift.  Mention  has  been  made  of  the  northeast  dip  shown  by 
the  quartzite.  This  dip  is  enhanced  by  the  intrusives  at  many  points; 
but  far  to  the  southeast,  where  intrusives  are  absent,  a  uniform  dip 
toward  the  east  is  observed  on  the  Algon- 
kian  slope,  indicating  that  orogenic  forces 
had  produced  the  monoclinal  structure  as 
a  whole,  cjuite  independently  of  the  intru- 
sive foi-ces. 

^^^  1)1  KKS   IN    SCHIST. 

FIG.  6«.-Crooked  dike  in  schist.  Dead-  |,^  ^^^  ^.^jj  ^^^  Algonkian    Schist  oppo- 

site  the  Burlington  station  at  Deadwood 
several  small  dikes,  vaiying  in  thickness  from  0  inches  to  2  feet,  f()lk)\v 
very  iri^egular  fissures.  In  fig.  68  is  shown  one  of  these  that  illus- 
trates the  manner  in  which  the  rock  gaped  apart  at  the  time  of  intru- 
sion. It  will  be  seen  that  the  dike  followed  a  crook  or  ])end  in  a  pair 
of  matched  joint  surfaces,  and  had  the  movement  of  gaping  })een 
normal  to  th<;  course  of  the  joint  as  a  whole  the  thickness  of  the  dike 
w^ould  have  been  the  same  at  the  crook  as  elsewhere.  Instead,  the  dike 
is  thinner  between  the  bends,  showing  that  the  rock  moved  apart  to  per- 
mit the  injection  (or  was  forced  apart  by  it  ?)  more  readily  in  a  horizontal 
than  in  a  vertical  direction.  On  the  hill  slopes  east  and  southeast  of 
Deadwood  are  shown  good  examples  of  the  transition  from  the  zone  of 
dikes  to  that  of  sills  in  the  Cambrian,  and  in  these  places  there  is  con- 
siderable faulting  on  a  small  scale,  which  is  one  of  the  striking  features 
of  the  mining  district.  In  many  places  there  is  evidence  of  small  dis- 
location in  the  Lower  Cambrian  beds,  caused  by  movements  of  slipping 
on  the  laminae  or  joints  of  the  Algonkian  schists  beneath. 

In  a  small  open  cut  on  the  west  side  of  Whitewood  Creek,  on  the 
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spur  just  south  of  Dcadwood,  occurs  the  curious  mixture  of  beds,  due 
largely  to  faulting,  shown  in  the  acx-ompanying  diagram  (fig.  69).  A 
sill  of  porphyr^f  some  5  feet  thick,  similar  to  others  that  are  conspicu- 
ous in  the  cliffs  above,  caps  the  spur  in  the  section  exposed,  and  both 
over  and  under  this  are  a  few  feet  of  glauconitic  shaly  beds  of  the 
Cambrian  carr^'ing  Oholn-n.  These  dip  northeasterl}-  at  a  low  angle, 
and  rest  directly  ixpon  the  upturned  edges  of  the  Algonkian  beds, 
which  show  some  crumpling  and  confusion  at  the  contact.  This  indi- 
cates that  there  has  been  movement  directly  along  the  base  of  the  Cam- 
brian, and  the  entire  absence  of  quartzitic  or  pebbly  layers,  elsewhere 
characteristic  of  this  horizon,  indicates  that  this  contact  is  not  the  nor- 
mal uiu-onformity.  Such  horizontal  slipping  parallel  to  the  Cambrian 
contact  is  probably  a  result  of  movements  of  lateral  extension  in  the 
schists  when  they  were  invaded  by  dikes,  which  necessarily  forced 


Fig.  f.9.— Outcrop  sliowiii);  fmilts,  spur  v'onih  of  Deailwood. 

apait  and  thickened  the  whole  Algonkian  series.  On  the  western  side 
of  the  outcrop,  separated  from  the  shales  and  the  Algonkian  alike  by 
a  ''vertical"*  (here  a  small  upright  fault  plane),  is  a  huge  triangular 
mass  of  white  quartz  some  12  feet  in  diameter,  apparently  faulted  into 
place  as  a  solid  block.  In  this  case  the  slipping  plane  does  not  con- 
form with  the  Algonkian  laminje,  but  intersects  these  on  a  transverse 
joint.  There  is  no  evidence  in  this  place  that  t\n\  fault  dislocated  the 
poiphyr}'  above;  the  latter  would  seem  rather  to  he  younger  than,  or 
contemporaneous  with,  th(>  movements  in  the  rocks  below. 

Higher  on  this  hill,  to  the  eastward,  other  porphyry  sills  ooi'ur, 
and  these  sills  may  be  differentiated  mt^gascopically  by  the  occurrence 
or  al»sence  of  large  phenocrysts  of  (juartz.  In  the  lower  sill  these 
phcnocrysts  arc  absent,  but  in  tlie  sill  next  above  they  are  visible.  On 
following  the  hill  along  its  south  side,  the  lower  sill,  5  feet  thick  at 
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the  point  of  the  spur,  was  found  thickeniny  eastward,  20  or  30  feet  of 
the  fine-grained  roelv  l)eing  exposed  inider  the  01)olu.s  shale  horizon. 
The  beds  here  dip  to  the  northeast,  l)ut  show  a  tendency  to  (•ur^■e  down- 
ward to  the  northweist  ahxig  the  general  strike  over  the  porph^ny. 
This  lends  additional  continuation  to  the  supposed  identity  of  this  sill 
and  the  one  tirst  mentioned,  and  the  evidence  shows  that  in  a  distance 
of  a  few  hundred  feet  a  SO-foot  sill  thins  to  one  whose  maximum  thick- 
ness is  not  greater  tlian  tJ  feet.  In  such  a  case  as  this  the  inspection 
of  a  single  outcrop  would  give  but  slight  evidence  of  thiiming;  many 
cases  studicnl  indicate  that  such  thinning  in  short  distances  is  very  com- 
mon (cf.  tig.  7»)).  On  the  northern  side  of  this  spur  the  Olvdus  sand- 
stone is  found  resting  on  the  Algonkian  schist,  without  any  porphyry 
visil)le,  pi-esenting  evidence  that  tlie  sill  has  comph'tely  thinncMl  out 
to  the  northward. 

In  an  optMi  cut  opposite  tlic  Hoodoo  shaft  on  Strawbeiry  Creek  a 
fault  cutting  Algonkian  and  j)orpliyry  alike  is  i>xpOsed  (tig.  70).     The 

noithwest  wall  of  the  cut 
shows  a  triangular  mass  of 
l)orphyiy  bounded  on  one 
side  l)y  an  obli(|ue  thrust 
plane  that  cuts  across  the 
schistosity.  The  hitter  here 
trends  northwest  and  dips  .^O"" 
to  the  southwest.  A  secgnd 
lenticular  tongue  of  porph3'ry 
is  seen  to  thin  out  down- 
ward. The  igneous  contact*) 
of  both  porphyry  masses  con- 
form to  the  schistosity,  and  in  this  lespect  are  like  the  greater  number 
of  dikes  in  the  Algonkian.  Similar  contacts  are  exposed  in  the  tunnel 
of  the  Dakota  Maid,  on  the  north  side  of  Strawberry  Gulch.  These 
dikes  are  direi-t  feeders  of  the  lai-ge  laccolithic  mass  of  Union  Hill, 
hence  the  50^  W.  dip  of  their  walls  is  significant  (see  Experiment 
IV,  p.  298).  The  .southern  wall  of  this  open  cut  shows  two  sets  of 
joints  in  the  schists,  crossing  each  other,  each  making  an  angle  of  60° 
with  the  horizon,  one  trending  N.-S.,  the  other  S.  30^  W.  In  the 
ea.stern  end  of  the  cut  there  is  an  upright  lenticular  mass  of  porphyry 
18  feet  thick  in  the  middle  and  tupering  rapidly,  with  northerly  trend 
across  the  schistosity.  These  porphyries  are  of  the  older  rhyolite 
series. 

TKANsnlON    FROM    PIKES   TO    SILLS. 

i'he  dikes  filling  fissures  in  the  schist  on  planes  of  s<rhistosity  have 
ill  '/enerala  trend  west  of  north,  to  correspond  with  the  Algonkian 
strike.  The  inclination  of  the  schistosity  varies  at  angles  l»etween  45° 
and  the  vertical,  being  sometimes  to  the  east  and  sometimes  to  the 


-Faults  and  joints  in  schist.  Strawberry  Creek. 


;^':'/ 
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west.  Throujihout  the  schist  area  west  of  Lead  the  Alg'onkian  di[)  is 
westerly  as  a  whole.  Between  Lead  and  Deadwood  it  is  easterly,  and 
a  shai'p  fold,  accompanied  by  fi-acture.  is  indicated  by  the  change  in 
dip  about  the  reoion  of  the  Honiestake  ore  1)ody.  A  dike  in  easterly 
dipping  schist  on  the  line  of  the  Burlington  Railroad  near  Deadwood 
is  shown  in  PI.  XXII.  This  dike  shows  a  slight  tendency  to  develop 
short  columns  on  the  border,  with  a  wide,  massive  medial  portion. 
It  will  be  readily  understood  that  an  igneous  mass  rising  through  an 
inclined  fissure  to  the  Cambrian  unconformity  would  spread,  on  reach- 
ing the  thin-bedded  shales,  in  the  direction  of  its  inclination  from  the 
vertical.  Some  such  inclination  of  the  conduits  upward  and  eastward, 
in  the  region  east  of  Deadwood,  where  there  is  a  recui-rence  of  west- 
dipping"  schist  (sections,  PI.  XXI),  accounts  for  the  prevalent  tendency 
of  the  porphyries  to  spread  to  the  northeast  (Experiment  IV).  In  a 
railroad  cut  near  the  cemetery  south  of  Lead,  on  the  divide  between 
Lead  and  Whitetail  Gulch,  is  an  exposure  of   reddish   schist  under 


^: 


Fig.  71.— Section  near  cemetery,  Lead. 


Cambrian  beds  (tig.  71).  Looking  south  in  the  cut,  the  dip  of  schist 
lamina'  is  seen  to  be  eastward,  and  two  dikes  of  fine-grained  white 
rhyolite,  in  general  parallel  to  the  schistosity,  pass  up  into  the  ('am- 
brian,  wliere  they  merge  into  a  sheet  extending  to  the  west,  the  ujjper 
portion  of  which  is  eroded  away.  As  shown  in  the  figure,  some  fault- 
ing of  the  schist  concomitant  with  intrusion  is  suggested  l)y  the  pro- 
gressive elevation  of  the  upper  schist  surface  eastward  from  the  dikes. 
This  may,  however,  be  due  simply  to  the  liftingeffect  of  the  intrusions 
on  the  side  of  the  hanging  walls.  On  the  east  two  dikes  of  dark  green 
phonolite  end  in  irregular  bosses  without  reaching  theCaml)rian  beds. 
These  are  lithologically  identical  with  a  sill  and  other  dikes  on  the 
south  side  of  the  same  hill  (above  Whitetail  (iulch),  and  with  the 
tal)ular  colunuiar  cap  of  the  spur  across  Whitetail  (Julch  to  the  south. 
The  rhyolite  is  the  same  as  that  which  caps  all  the  hills  about  the 
Homestake  workings,  and  elsewhere  on  this  san)e  hill  it  is  seen  as  a 
cap  of  some  size.     The  structure  is  the  same  as  that  of  the  dikes  in 
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the  Hoiiicstake  open  cut,  where,  lookiiijr  north,  the}'  arc  seen  to  bend 
into  sills  whieh  spread  to  the  west  (PI.  XXIII  and  fig.  72). 

At  the  northwest  end  of  Sti-awberr}'  Ridge  an  interesting  series  of 
dikes  passing  directly  from  the  Algonkian  into  the  Cambrian  is 
exposed.  A  40-foot  dike  trending  north  cuts  the  quartzite  obliquely 
across  its  strike.  There  is  some  slight  suggestion  of  faulting  locally 
in  the  quartzite  on  opposite  sides  of  these  dike  fissures,  but  it  is  slight. 
The  downthrow  is  to  the  north.  Farther  along  to  the  northwest  a 
l>reak  of  25(»  feet  occurs  in  the  quartzite  ledge,  occupied  by  a  complex 
of  dikes,  and  still  others  are  seen  bcA'ond.  In  this  case  the  composition 
of  the  rock  varies,  after  the  fashion  of  a  composite  dike;  for  a  thick- 
ness of  To  feet  on  either  side  the  rock  is  rh\'olitic,  while  the  middle  100 
feet  is  coarser,  showing  large  white  feldspar  laths. 

A  n'm:irka})le  feature  of  tiie  sandstone  in  contact  with  those  dikes, 
also  characteristic  of  the  upper  surface  of  the  (juartzite  escarpment,  is 
the  ociun("M((M)f  milky  (|uart/.  in  the  form  of  infiltrations  of  irregular 

outline,  sometimes  filling 
cavities  in  the  surface  of  the 
rock,  but  not  in  th(»  form  of 
veins. 

South  of  the  main  (juartzite 
escarpment  of  Strawberry 
Ridge  occurs  a  lower  ])ench 
of  massive  white  (piartzite, 
forming  cliffs  40  feet  high 
capped  by  reddish  shales 
which  carry  the  usual  white 
.shell  fragments  (OMas); 
above  this,  on  tiie  slope  lu'tween  the  two  quartzite  outcrops,  porphyry 
occurs.  The  thickness  of  the  Cambrian  (juartzite  woidd  he  so  abnor- 
mally great  were  this  porphyry  a  sill,  that  it  seems  probable  it  is  a 
mass  filling  a  strike  fault  fissure  and  that  the  upper  quartzite  bench  is 
faulted  up  by  the  porphyry.  This  is  the  more  probable,  as  the  base 
of  the  Cambrian  occurs  at  much  lower  levels  across  the  vallc}'  on  the 
south  side  of  West  Strawberry  Creek.  Under  the  lower  bench  of 
(juartzite  the  mica-schist  is  found,  and  farther  east  an  extremely  com- 
plex structure  of  dikes  and  faults  gives  evidence  that  the  conduit 
region  at  the  time  of  intrusion  was  a  zone  of  faulting  and  deformation, 
conmiunicated  from  the  schists  to  the  havd  beds  at  the  base  of  the 
Cambrian.  The  schists  here,  a.s  in  the  case  described  on  page  201,  con- 
tain large  masses  of  white  quartz.  The  hills  a  short  distance  west — 
i.  e.,  farther  within  the  Algonkian  area — consist  of  slate  capped  with 
porphyry.  The  porphyry  extends  down  the  schist  slopes  in  places  and 
runs  out  into  dikes  in  such  fashion  as  to  indicate  that  these  seeming 
caps  ar<'  in  some  cases  stocks  or  conduits  of  irregular  shape  (PI.  XIX). 
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The  exposed  schist  area  southwest  of  Two  Bit  is  a  region  of  con- 
duits which  fed  sills  and  laccoliths  whose  remnants  still  persist  in  the 
eroded  nionoclinal  structure  to  the  northeast.  The  dikes  have  north- 
westerly trend  and  east  or  west  dip,  with  the  schist  lamination.  Sills 
fed  by  such  inclined  dikes  spread  in  the  direction  of  the  dikes'  inclina- 
tion from  the  vertical.  Dikes  in  the  Cambrian  strata  retain  the  north- 
westerly trend  imparted  to  them  by  the  schist  below  (PI.  XX). 
Deformation  of  the  schist  by  faulting  accompanied  intrusion,  and  was 
transmitted  to  the  Cambrian  quartzite.  Other  faulting  of  later  date 
intersc(;ts  schist  and  rhyolite  alike.  Faulting  on  the  plane  of  contact 
between  Cambrian  and  Algonkian  indicates  movements  of  extension  in 
the  latter.  The  quartzite  escarpment  of  Strawberry  Ridge,  represent 
ing  the  basal  contact  of  Cambrian  on  schist,  is  faulted  and  broken 
through  by  many  feeding  dikes. 

TWO   lUT   KKOION    OF    SILLS    AND    LACCOLITHS. 

WHITEWOOI)    (JITLCH. 

The  Two  Bit  sill  district  is  limited  on  the  southwest  by  the  Straw- 
berry Kidgc  escarpment,  and  this  esc^arpment  is  practically  continuous 
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to  the  northwest  as  far  as  White  Kock,  above  Deadwood.  On  the 
western  slope  of  the  ridge  between  Whitewood  Creek  and  Spruce 
Gulch  above  Deadwood  the  complex  of  dikes  and  sheets  begins.  Fig. 
73  .shows  diagramatically  a  section  of  the  "White  Rock  slope  above 
Deadwood.  The  shales  and  sandstones  of  the  Cambrian  here  dip  22° 
north-northeast,  and  a  large;  dike  of  (juartz-porphyry  apparently  feeds 
sills  in  the  Cambrian  flags  and  in  the  thick  shale  bed  that  lies  immedi- 
ately under  the  Silurian  limestone  at  the  base  of  White  Rock.  In  the 
southernmost  sj)ur  figured  is  shown  a  3- foot  dike  of  phonolite,  which 
is  younger  than  the  ({uartz-porphyry  that  caps  tiie  ridge.  The  sill 
shows  distinctly  its  iMtiusi\e  character  by  the  selvage  at  its  upper 
contact,  which  is  finer  grained  and  of  darker  color  than  the  rest  of 
the  mass.  The  upright  contact,  where  the  porphyry  truncates  the 
shale  beds,  shows  in  the  igneous  rock  a  lamination  parallel  to  the 
contact. 

TWO    BIT   CANYON. 

Fig.  74  shows  th(;  eastern  wall  of  Two  Bit  Canyon  formed  by  the 
northwest  spur  of  l)om(>  Mountain.     This  illustrates  the  transition 
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from  large,  irregular  laocolithic  masses  to  fingering  sills  about  their 
periphery,  and  is  closely  similar  to  the  structure  figured  by  Holmes  in 

the  Carriso  and   La 
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Plata  mountains  (tig. 
7.">).  Two  distinct 
varieties  of  ei-uptive 
are  here  present  (tig. 
74),  and  the  lower 
hornblende  -  diorite- 
porphy  ry  is  probably 
the  younger.  The 
gi-eat(>r  thickening  of 
.,-,^,>L  ,wM...i  I u..j>.i,  ,.,.>...,  the  laccolithie  masses 

occurs  at  the  base  of 
the  Silurian,  where  the  porphyry  in  its  ui)ward  progress  met  heavy  resist- 
ant limestones, and  the  soft,  thick  shal(>  Ix-d  at  the  top  of  the  Cambrian 


tion  of  La  Plata  Mountains  (Flolraes). 


ottered  an  easier  passage  for  spreading  horizontally  than  was  possil)le 
by  continuing  upward.      Upward  movement,  or  doming,  eventually 


ling  of  Two  Bit  sills,    a.  Southeast  sido  of  T' 
west  sidp  of  Two  Bit  Canyon. 


took  place,  when  with  continued  inflow  the  mass  and  viscosity  of  the  por- 
phyry, us  the  result  of  lateral  spread  and  cooling,  were  sufficient  to  flex 
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the  thick  limestones.      In  the  tigure  the  diorite-porphyi}-  at  the  right 
is  probably  made  up  of  a  number  of  sills,  though  porphyry 
talus  covers  the  whole  hill  slope,  and  if  Cambrian  beds  occur  U] 

there  they  are  completely  masked  by  the  slide  rock.  In 
the  uppermost  bed,  r/,  thei'e  are  at  least  250  feet  of  diorite- 
porphyry  exposed,  and  apparently  this  mass  lifted  the  sye- 
nite-porphyry above.  That  the  upper  laccolith  ends  rather 
abruptly  to  the  northwest  (PI.  XX)  is  proved  by  the  fact 
that  the  walls  of  Two  Bit  Canyon  opposite  to  the  slope 
figured  in  the  section  (fig.  74)  show  none  of  the  upper  por- 
phyry, and  only  one  diorite-porphyry  bench  conforming  to 
the  bench  in  the  figure.  At  the  contact  7j  the  Silurian  lime- 
stone is  highly  mineralized  and  silicified.  At  c  the  columns 
in  the  phonolite  have  a  southerly  inclination  of  -iO^.  At  d 
they  are  n<>arly  vertical.  In  each  case,  in  other  words,  the 
eolunms  are  normal  to  the  upper  contact,  and  in  a  number 
of  cases  this  variation  in  the  inclination  of  columns  was 
found  to  be  a  useful  guide  to  the  original  curvature  of  a 
laccolithic  mass  Avhei-e  the  covering  strata  had  been  eroded 
away. 

The  two  columnar  sections  in  tig.  76,  constructed  from 
outcrops  in  Two  Bit  Valley,  illustrate  the  thickening  of  por- 
phyiy  sills  eastward  across  Two  Bit  Canyon,  and  show  vari- 
ous members  of  the  Cambi-ian,  which  ma}'  ])e  used  as  horizon 
markers  for  identif^'ing  contiguous  sills;  a  is  from  an  out- 
crop on  (he  east  side  of  the  valley;  ?>,  fi-om  one  on  the  west. 

In  th(^  Monarch  shaft  it  is  stsited  that  the  (luartzite  is 
faulted  in  steps,  the  ore  occurring  along  t\ui  fault  planes. 

CroKH-ciiftliKj  Hilh. — The  cases  cited  show  that  laccoliths 
under  the  great  limestone  thin  out  into  sills,  that  sills  thin 
rapidly  (fig.  7t;),  and  that  th(^  region  of  sills  is  one  where  the 
alternation  of  shales  and  thin-bedded  limestones  through 
unusually  thick  series  (PI.  XIX)  atlords  inmimerable  split- 
ting planes.  The  earlier  ihyolitic  poiphyiv  in  general 
spread  through  the  Cambrian  beds  as  .sills,  and  the  connec- 
tion of  one  sill  with  the  next  at  a  higher  horizon  is  usuallv 
an  irregular  dike  oi-  an  obli<jue  split  corresponding  to  the 
more  pronounced  peripheial  fractures  about  a  laccolithic 
doine  (Kxperiments  III  and  IV;  also  j).  231).  In  a  tunnel 
extending  375  feet  eastward  from  the  roadside  in  upper 
Two  Bit  Valley,  (Jambrian  limestone  Hags  and  shales  dip  ^^ 
N.  30'  K.  Three  feet  alK)ve  the  mouth  of  the  tunnel  a  H- 
foot  sill  occurs,  and  just  within  the  tunnel  is  a  very  ragged 
dike  (fig.  77).  Some  50  paces  within,  a  pori)hyry  mass  40 
feet  thick,  dipping  11"^  W.,  is  seen  to  rise  from  the  fioor 
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of  the  tunnel  and  cross  the  strata  obliquely  upward  to  the  northeast. 
This  may  he  taken  as  a  type  of  the  cross-cutting  sill.  The  floor  of  the 
mass  does  not  conform  to  the  bedding,  ])ut  is  guided  by  it.  The  tend- 
ency of  the  porphyr}^  to  spread  onward  and  resist  the  downward  pull 
of  dipping  strata  causes  it  to  cut  them  transversely.  This  transverse 
cutting  of  beds  is  not  confined  to  small  sills.  The  rhyolite  capping  of 
the  hill  above  the  southern  Terra  open  cut,  prol)ably  a  laccolith  rem- 


iiig  spur  west  of  Peedee  Giil 
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nant,  obliquely  cuts  across  the  Cambrian  ))edding  only  a  few  feet  above 
the  contact  of  the  latter  with  the  schists  (PI.  XXIV).  On  the  west  side 
of  Spearflsh  Canyon,  high  up  on  the  sunmiit  of  the  limestone  cliff  below 
the  mouth  of  Rubicon  (iulch,  a  fine  columnar  sheet  may  l)e  seen  lying 
obliquely  acro.ss  the  bedding  of  the  limestone. 

Dikes  in  Camhrku). — The  later  dikes  probably  found  the  Cambrian 

as  a  whole  indurated 
l)y  the  earlier  por- 
phyry and  rigid, 
hence  more  capable 
of  breaking  on  smooth 
vertical  joints.  These 
dikes,  cross  the  coun- 
try for  miles  in  Two 
Bit,  but  are  not  very 
immerous.  In  fig.  78 
is  shown  a  dike  16 
feet  wide  which  cuts 
gray  limestone  on  the 
hill  west  of  Peedee 
Gulch.  The  massive  limestone  is  bent  up  on  the  eastern  side  of 
the  dike,  showing  that  there  was  considerable  upward  thrust  exerted 
by  the  magma  after  its  first  solidification  on  the  wall.  The  dike 
trends  N.  30°  W.,  and  hence  is  one  of  the  numerous  strike-fissure  dikes 
which  probably  fed  higher  laccolithic  bodies.  If  the  magma  which 
filled  this  fissure  rose  through  west-dipping  schists  below,  as  usual,  it  is 
natural  that  it  should  tend  to  produce  maximum  deformation  on  the  east. 
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-Ahrupt  termination  of  sill,  east  wall  of  Bt-ar  Butte  Canyon, 
ear  Galena.    The  hammer  rests  on  Cambrian  beds. 
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The  transition  from  dike  to  sill  is  shown  in  a  sill  al)ovo  the  Hayes 
mine,  on  the  east  side  of  Bear  Butte  Creek,  at  Galena.  The  sheet  is 
12  feet  thick,  columnar  below,  with  an  upper  selvage  of  finer  grain 
from  12  to  18  inches  thick.  This  upper  portion  resembles  a  separate 
sill,  showing  a  sharp  contact  bench  made  by  its  lower  surface  with  the 
columnar  porphyry.  The  contact  of  the  upper  portion  with  the  Cam- 
brian limestones  is  irregular  and  comes  to  an  abrupt  angular  termi- 
nation, the  contact  bending  to  a  vertical  position,  as  shown  in  tig.  TO. 
The  sill  apparently  abuts  against  a  smooth  upright  joint  plane,  and 
probably  a  feeding  dike  follows  this  plane  below  the  talus. 

DO.MK    MOUNTAIN    AND   SUBOKDINATK    LACCOLITHS. 

East  of  the  Two  Bit  Valley  complexities  the  marked  simplicity  of 
the  laccolithic  masses  of  Pillar  Peak,  Dome  Mountain,  and  Bear  Den 
Mountain  is  conspicuous.  Concomitant  with  this  change  is  a  change 
in  the  horizon  of  intrusion,  the  lowest  of  the  greater  laccoliths.  Dome 
Mountain,  being  intruded  in  soft  green  shales  under  the  Silurian 
limestone  and  at  the  upper  limit  of  the  Cambrian.  Pillar  Peak  and 
Bear  Den  Mountain  are  laccolithic  masses  that  have  broken  up  to  still 
higher  horizons,  the  former  resting  in  part  upon  the  gray  limestone 
(Carboniferous)  and  in  part  overlapping  the  lower  sandstone  member 
of  the  Minnelusa  formation.  Bear  Den  Mountain  reaches  a  still  higher 
horizon,  the  purple  Minnekahta  limestone.  The  northern  spur  of  the 
mountain  thus  is  intruded  on  the  horizon  of  the  thicker  Red  Beds  of  the 
Trias.  In  both  Pillar  Peak  and  Bear  Den  Mountain  it  will  be  seen 
that  the  laccolithic  floor  is  not  a  single  stratum,  but  rather  represents 
a  plane  approximately  horizontal,  which  cuts  across  the  initial  north- 
west dip  of  the  beds  and  so  permits  the  intrusion  to  penetrate  progress- 
ively to  higher  horizons.  It  is  this  progressive  truncation  of  dipping- 
strata  on  a  horizontal  plane  that  has  given  to  these  masses  the  local 
name  of  "overflows"  among  the  prospectors  and  miners.  If  no  evi- 
dence were  present  other  than  this  lower  contact,  an  extrusive  flow  on 
an  old  topograph}'  might  l)e  suspected  in  these  cases;  but  the  presence 
of  upper  contacts,  the  coarse-grained  character  of  the  rock,  and  the 
entire  absence  of  true  extrusives  in  the  region,  combined  with  the  evi- 
dence presented  here  and  elsewhere  of  deep  denudation  and  former 
extension  of  laccolithic  masses,  as  indicated  b}'  present  drainage  and 
by  similar  intrusive  masses,  still  partially  covered  by  a  sedimentary 
mantle — all  of  these  data  make  it  clear  that  these  are  remnants  of 
unsymmetrical  laccolithic  intrusions.  The  Dome  Mountain  mass 
extended  laterally  on  the  soft  shales  and  swelled  vertically,  its  greater 
mass  spreading  on  a  single  horizon.  Its  extension  on  this  horizon  in 
a  northeast  direction  was  impeded  by  the  initial  dip  encountered, 
which  compelled  the  intrusive  to  phuige  downward  if  it  would  remain 
between  the  same  stratigraphic  planes.  In  other  words,  when  the 
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steeper  northeast  dips  were  encountered,  the  force  of  wedging  apart 
horizontal  rocks  was  conA'erted  into  a  thrust  against  upturned  rocks. 
The  result  was  more  violent  deformation  of  the  initially  dipping  beds 
to  form  an  unsynmietrical  laccolith  with  steep  northeasterly  dip.  In 
Chapter  V  it  is  shown  liy  experiment  that  the  fractures  of  a  dome  are 
radial  on  the  crest,  gaping  upward  and  closed  below,  they  are  concen- 
tric on  the  periphery,  gaping  downward.  These  peripheral  strike  frac- 
tures open  toward  the  poi-phyry  core.  If  the  dome  is  imsymmetrical, 
the  rupture  occurs  tirst  on  the  side  of  most  intense  flexure.  In  Dome 
Mountain,  after  the  limit  of  flexure  Avas  reached  on  the  northeast,  the 
beds  fractured  and  gaped  open  to  admit  the  porphjay  to  higher  hor- 


izons. In  Lost  Gulch,  on  the  eastern  flanks  of  Dome  Mountain,  the 
upper  contact  of  this  laccolithic  mass  with  Silurian  limestone  is  well 
shown.  Here  the  limestone  is  seen  dipping  at  an  angle  of  40^,  so 
violently  strained  and  contorted  at  its  contact  with  the  porphyr}^  that 
it  is  infolded  in  a  small  pinched  syncline  plunging  northeast  between 
two  lobes  of  the  laccolith.  A  few  hundred  paces  to  the  north  the 
porphyry  may  be  followed  continuously,  crossing  Silurian,  Carbon- 
iferous, and  Minnelusa  })eds;  here  the  flexure  has  passed  into  nipture. 
The  phenomenon  is  the  same  as  that  represented  by  the  cross-cutting 
sill  in  fig.  77,  the  only  difference  being  that  in  this  case  large  lacco- 
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lithic  masses  are  involved  (Experiment  IV,  p.  298).  A  short  distance 
farther  northeast  from  Pillar  Peak  deformation  of  the  sediments  on  a 
grand  scale,  proba1)ly  due  in  part  to  the  porphyries,  may  be  seen  in 
the  canj'on  of  Bear  Butte  Creek  and  in  the  sjnclinal  basin  of  Boulder 
Park,  this  spoon  being  inclosed  between  three  laccolithic  uplifts  of 
flexed  strata  (PI.  XXI,  section  D-E). 

The  southeastern  border  of  the  Dome  Mountain  mass  shows  less 
abrupt  flank  contacts,  but  is  complicated  with  the  conduits  that  fed 
the  Bear  Den  Mountain  laccolith.  From  the  nature  of  the  rock  there 
is  evidence  that  the  later  dikes  were  the  feeders  for  Bear  Den.  In 
fig.  80  is  shown  a  N.-S.  section  on  the  road  which  crosses  the  divide 
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between  Bear  Butte  Creek  and  Lost  Gulch.  In  the  cliff  above  the 
road  on  the  north  .side  shaly  limestone  overlies  massive  coarse  colum- 
nar porphyry,  the  colunms  being  perpendicular  to  the  limestone  con- 
tact. The  limestone  dips  to  the  north  and  the  upper  surface  of  the 
porphyry  shows  some  slickensides  or  rough  grooving,  which  indicates 
movement  parallel  to  bedding  planes,  of  later  date  than  the  intrusion. 
Possibh'  such  movement  may  be  correlated  with  the  intrusion  of  the 
later  dikes.  A  conspicuous  dike  ridge  crosses  the  saddle  for  a  dis- 
tance of  one-quarter  mile,  trending  variously  from  northeast  to  east. 
Above  it  to  the  north  rises  the  talus  slope  of  coarse  porph3'ry,  and 
similar  float  on  either  side  of  the  trail  of  dike  rock  indicates  that  the 
larger  igneous  mass  is  cut  by  the  dike.     South  of  the  dike  occurs  8ilu- 


Fig.  S2.— Section  in  shaft,  summit  of  Dome  Mountain. 

rian  limestone  over  sills  and  Cambrian  l)eds  in  the  slope  below  to 
the  south.  The  sequence  here,  then,  is  the  usual  one — sills  in  Cam- 
brian, thicker  lenses  at  the  base  of  the  limestone,  columns  normal  to 
the  cooling  surface,  and  porphyry  of  two  ages.  As  shown  on  the  map, 
PI.  XX,  this  section  inuucdiatcly  north  of  Galena  is  a  complication  of 
dikes  and  irregular  1)()dies,  marking  fractures  in  the  limestone  through 
which  the  Bear  Den  laccolith  was  intruded.  This  mass  breaks  north- 
eastward across  the  whole  thickness  of  Carboniferous  and  Permian  to 
the  horizon  of  thick  Red  Beds,  the  wall  of  poi'phyry  over  Lost  GuUh 
being  underlain  by  a  white  ])en(h  of  brecciated  Minnekahta  limestone. 
On  the  summit  of  Dome  Moiuitain,  in  several  places,  occur  isolated 
Cambrian   outcrops    completely   surrounded    by    poi-phyrv.      These 
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appear  to  bo  largo  iiu-ludod  bodies.  iuo.stly  lying;  flat,  carried  up  in  the 
magma  as  a  result  of  exc-essive  doming.  The  arched  strata,  unable  to 
stretch,  fractured  in  many  places,  and  the  fractures  filled  with  igneous 
matter;  increased  swelling  separated  the  fractured  pieces  and  erosion 
has  revealed  some  of  them.  The  same  phenometion  is  figured  ))y 
Holmes  in  the  Carriso  Mountains  (tig.  81).  In  a  shaft  30  feet  deep, 
through  one  of  these  ma.sses  on  the  summit  of  Dome  Mount^iin,  24  feet 
of  Cambrian  shale  is  shown  above,  and  (5  feet  of  porphyry  in  the  bot- 
tom of  the  shaft.  The  porphyry  surface  curves  downward  to  the  south, 
showing  dome  shape,  conformal)le  at  the  top  to  the  overlying  shales, 
but  breaking  across  them  on  the  slope  of  the  dome.  The  shales  above 
are  crumpled  and  their  ])edding  is  interrupted  by  very  numerous  small 
V-shaped  faults  (tig.  82).  Tiie  shales  dip  to  the  northeast.  Phenom- 
ena like  this  are  al)undant.  and  illustrate  the  way  in  which  stresses  due 
to  intrusion  are  absorbed  upwai'd  in  incompetent  strata. 

SCMMAKV    OK    TWO    HIT    UElilOX. 

The  Two  Bit  district  contains  a  pi-ogressive  series  of  intrusive  types 
from  southwest  to  northeast,  this  direction  at  the  same  time  marking 
a  progression  from  older  to  younger  strata  and  a  transition  from 
approximate  horizontalitv  in  the  extreme  southwest  to  pronounced 
dips  and  folds  on  the  northeast.  Dikes  of  trend  mosth-  northerl}^ 
conformable  to  t\u\  lamination  of  the  Algonkian,  penetrate  the  l)ase 
of  the  Cambrian,  where  a  series  of  separation  planes  in  thin-bedded 
limestones  and  shales  offers  the  necessary  conditions  for  the  eruptive  to 
spijead  horizontally  in  many  thin  sills.  Aljout  the  base  of  the  massive 
limestones  of  the  Middle  Paleozoic,  swelling  en  masse  was  easier  than 
continued  fracturing  and  horizontal  splitting  to  form  sills.  At  this 
horizon,  where  also  a  thick  series  of  soft  green  shales  under  the  great 
limestone  offered  easy  material  for  crushing  and  opportunity  for  lateral 
extension,  there  followed  a  thickening  of  the  uppermost  sills  into  the 
irregular  laccoliths  of  Dome  Mountain  and  the  adjacent  masses  which 
thin  out  across  Two  Bit  Canyon  to  the  northwest  and  across  Bear  Butte 
Canyon  to  the  southeast. 

The  tendency  to  spread  northeast  is  indicated  by  more  violent  defor- 
mation of  sediments  Avhose  initial  dips  oppose  extension  in  that  direc- 
tion, and  by  the  igneous  rock  shown  breaking  across  these  sediments 
to  produce  at  higher  horizons  the  subordinate  laccoliths  of  Pillar  Peak 
and  Bear  Den  Mountain.  The  whole  series  of  eruptives  of  the  Two 
Bit  district  may  represent  the  peripheral  intrusions  of  magmas  that 
are  most  conspicuous  in  the  more  deeply  eroded  porphyry  complex  of 
Terry  Peak  (PI.  XIX).  Evidence  of  strike  faults  in  association  with 
intrusion  is  well  marked  locally,  the  downthrow  being  on  the  southwest, 
the  intrusive  itself  using  the  fault  plane  as  a  conduit  and  adding  to 
the  effect  of  dislocation  by  arching  up  and  intruding  into  the  strata 
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on  the  northeast  side  of  the  fissure  through  which  it  came.  Tyyes  of 
these  faults  are  seen  at  Strawberr}'  Ridge  and  in  the  subordinate  lacco- 
liths of  Deadman  and  Whitewood  canj^ons  (pp.  204,  21T,  218). 

VAKOCKER   LACCOLITH. 

East  of  Bear  Butte  Creek  (PI.  XX)  is  shown  a  large  igneous  mass 
occupjung  as  a  whole  onl}'  the  upper  horizons  invaded  by  the  Two  Bit 
series  of  intrusions.  Separated  from  the  latter  by  a  synclinal  valle}', 
there  is  no  evidence  that  the  conduits  which  feed  the  Vanocker  mass 
were  immediately  connected  with  those  of  the  Two  Bit  district.  Schists 
underlying  the  Cambrian  escarpment  south  of  Elk  Creek  show  almost 
no  dikes,  and  apparently  the  dip  of  the  Paleozoic  rocks  is  here  the 
noi'mal  monocline  of  the  Black  Hills  uplift.  The  lowest  beds  exposed 
in  contact  with  porphyry  in  the  Runkel  district  (see  PI.  XIX)  are  the 
shales  and  sandstones  of  the  Cambrian,  and  chiefly  its  upper  members. 
These  Cambrian  beds  cap  the  laccolith  of  Kirk  Hill,  which  is  separated 
by  a  synclinal  sag  on  the  southeast  from  a  very  large  mass  which 
extends  northeast  to  Vanocker  Creek  and  forms  a  great  irregular  range 
of  hills  composed  almost  exclusively  of  igneous  rocks.  Perhaps  it 
would  be  better  to  call  the  whole  mass  a  single  great  laccolithic  intru- 
sion with  local  irregularities  of  the  upper  surface.  Here  and  there 
occur  tabular  cappings  of  stratified  rock,  the  lower  horizon,  in  contact 
with  porphyry,  being  either  the  Silurian  limestone  or  shales  which  are 
the  uppermost  beds  of  the  Cambrian,  If  any  trace  of  conduits  is 
present  it  is  in  the  immediate  A'icinity  of  the  town  of  Runkel,  where 
the  gray  limestone  is  irregularlv  fractured  by  the  eruptive;  and  rising- 
through  an  oblique  fissure  in  the  limestone  a  great  dike  is  seen,  inclined 
to  the  eastward  on  the  hill  slope  north  of  the  village.  To  the  east 
a  large  sill  follows  a  separation  plane  within  the  limestone  series, 
which  here  has  a  thickness  of  from  600  to  700  feet,  greatl}^  in  excess  of 
the  same  formation  north  of  the  Two  Bit  region.  The  border  of  the 
laccolithic  mass  as  a  whole  is  marked  by  dips  away  from  the  hills  of 
porph3'ry  on  all  sides,  and  in  this  respect  a  southern  extension  of  the 
intrusive  from  its  conduit  differs  from  the  conditions  observed  in 
the  Two  Bit  masses  at  the  same  horizon,  where  upper  <'ontacts  on  the 
.southern  side  have  in  all  cases  ])een  eroded  away.  This  difference  may 
be  due  in  part  to  an  easterly  dip  recurring  in  the  Algonkian,  and  hence 
in  the  conduits,  under  the  Vanocker  laccolith. 

Except  where  the  Cambrian  occurs  on  the  southwest  the  upper  con- 
tact in  the  Vanocker  mass  is  Avith  the  base  of  the  Silurian  limestone, 
as  in  the  case  of  Dome  Mountain.  At  several  points  this  limestone  or 
the  subjacent  shales  could  not  l)e  identified  at  the  contact,  and  appar- 
ently the  intrusive  had  broken  across  and  buried  or  else  torn  awav 
this  member,  so  that  the  contact  appears  to  be  directly  with  the  gray 
limestone.     On  the  north  side  of  the  Vanockei-  mass  dikes  varvino;  in 
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thickness  from  3(t  to  80  feet  cut  both  porphyiy  and  sediments,  and 
two  big  dikes  may  be  seen  upon  the  Fort  Meade  Reservation  road 
northwest  of  Deadman  Gulch.  There  is  thus  a  tendency  on  this 
northern  side  to  l)reak  across  strata  to  higher  horizons,  and  there  is 
evidence  of  a  younger  porphvry  which  cuts  the  older   and  greater 


ma>s.  The  northern  border  of  the  Vanocker  jiorphyry  mass  between 
Alkali  Creek  on  the  east  and  the  eastern  fork  of  Park  Creek  on  the 
west,  including  the  basin  at  the  head  of  Deadman  Gulch,  is  a  dilferent 
rock  from  the  rest  of  the  mass,  ])eing  a  fine-grained  rhyolite,  while 
the  greater  ]iortion  is  a  coarse  syenite-poi-phyiy.     The  contact  between 


Fig.  84.— Southwi'st  bunUT  of  Vaiiookcr  laccolith.  Elk  Creek,  .showiiiK 


k  idriiiiition.s. 


these  two  rocks  follows  roughl}'  the  divide  at  the  head  of  Deadman 
Gulch  and  the  northern  slopes  of  the  valleys  of  the  two  creeks  men- 
tioned, but  a  definite  contact  was  nowhere  found;  possibly  the  finer- 
grained  northeastern  portion  was  more  rapidly  cooled  against  the  sed- 
imentary cover,  and  is  a  differentiated  facies  of  the  larger  mass. 
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KIKK    HII.I-    DO.Mlt 


Kirk  Ilill,  the  western  extremity  of  the  Vanocker  hiccolith  (PI. 
XXI.  section  F-G. ;  PL  XLT,  iv),  is  remarkable  chiefly  for  its  com- 
plete cap  of  Cambrian  limestones  and  sandstones.  The  porphyry  is 
seen  to  plunge  under  the  eastern  linil)  of  the  syncline  of  Pai'k  Creek; 
and  where  the  small  radial  streams  have  breached  the  Cambrian  cover 
well-formed  columns  are  shown,  normal  to  the  contact.  Immediately 
at  the  contact  limestone  breccias  occur  with  the  usual  green  shales; 
and  higher,  in  crescentic  scarps  that  revet  the  base  of  the  hill,  the 
Scolithus  quartzite,  which  is  white  near  Deadwood,  is  here  replaced 
by  massive  cross-bedded,  rusty  sandstones,  showing  some  ScoUthus 
borings.  Above  are  the  upturned  edges  of  Silurian  and  Carbonif- 
erous limestone  (fig.  83).  In  places  the  Cambrian  veneer  may  be 
followed  from  crest  to  flank  continuoush'  in  contact  with  the  surface 
of  the  poi-jjhyry  dome.  On  the  walls  of  the  little  canyons  the  actual 
dome  curvature  at  the  contact  may  bo  seen  in  cross  section.  The  old 
synclinal  valley  to  the  west  still  retains  remnants  of  coarse  Pleistocene 
gravels,  which  have  their  greatest  development  at  the  present  head  of 
the  valley,  where  they  form  a  portion  of  the  divide  between  Park 
and  Klk  creeks. 

UOKDER    OF    VANOCKEK    LACCOLITH. 

An  exposure  of  other  portions  of  the  extreme  rim  of  the  Vanocker 
laccolith  occurs  three-fourths  of  a  mile  northeast  of  the  town  of  Elk 
Creek,  where  a  revet  hill,  flanked  with  gray  limestone,  exposes  por- 
phyry on  its  northeastern  face  (PI.  XXV  and  flg.  84),  and  debris  in 
the  slope  above  shows  that  the  igneous  rock  was  intruded  on  the  usual 
horizon  of  green  shales  under  Silurian  limestone.  A  section  just  above 
the  railroad  at  the  foot  of  the  western  slope  exposes  the  limestone  with 
its  dip  apparently  reversed.  At  first  sight  this  section  suggests  the 
miniature  lens  at  Galena  (fig.  (io),  with  its  inward-dipping  l)asement 
beds.  Obviously,  however,  the  basement  beds  of  this  border  of  the 
Vanocker  laccolith  are  Cambrian,  so  that  the  Carboniferous  limestone 
could  be  thrown  into  this  position  only  ])y  faulting  or  by  a  cross- 
cutting  tongue  of  porphyry  not  shown.  A  simpler  explanation  of 
the  revei'sal  in  dip  is  that  the  reversal  shown  is  not  real  but  only 
apparent.  In  the  landscape  figured  (PI.  XXV)  the  limeston«>  scarp 
curves  around  toward  the  observer,  and  the  section  exposed  is  prob- 
ably an  oblique^  ti'uncation  of  l)eds  dipping  toward  the  foregi'ound. 


The  Vanocker  laccolith  i>  intrusive  about  tlic  horizon  of  the  base 
of  the  Silurian  and  shows  no  conduits,  but  breaks  across  the  gra}'^ 
limestone  irregularly  in  the  vicinity  of  Runkel.  The  laccolith  ui)liftod 
the  strata  above  it.  and  arched  them  so  that  they  now  dip  away  both 
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north  and  .south,  the  southern  dip  produced  being  an  inversion  of  the 
normal  inonoclinal  tilt  to  the  northeast,  and  hence  there  was  produced 
a.synclinc  in  which  now  flows  a  portion  of  Elk  Creek  and  one  of  its 
branches.  Drainage  from  this  great  laccolithic  mass  follows  in  gen- 
eral radial  courses  in  the  case  of  the  smaller  streams,  the  larger  ones 
encircling  the  mass  to  follow  the  contact  zone  on  its  periphery.  The 
southwestern  portion  is  still  capped  with  sediments  of  Cambrian,  Silu- 
rian, and  Carl)oniferous  age.  To  the  north  dikes  break  through  the 
sediments,  and  in  one  case  a  northern  extension  of  the  larger  intrusive 
mass  breaks  upward  to  form  the  subordinate  Deadman  laccolith  at  a 
higher  liorizon  (PI.  XX).  This  laccolith  is  now  largely  uncovered  by 
erosion,  the  only  covered  portion  being  the  region  above  its  conduit, 
which,  however,  is  exposed  in  a  canyon  cross  section. 

SUnoUDINATK  LACCOLITHS. 

Domic  Mountain  and  the  Vanocker  laccolith  represent  the  thickest 
porphyry  masses  of  the  two  eruptive  centers  on  opposite  sides  of  the 
Park  Creek  syndine.  Pillar  Peak  and  Bear  Den  Mountain  have  been 
mentioned  as  offshoots  from  the  thicker  Two  liit  complex,  breaking 
to  higher  horizons.  Somewhat  more  remote  from  the  greater  por- 
phyry mass  is  a  small  laccolith  east  of  Whitewood  Canyon  below 
Deadwood,  injected  through  a  fault  fissure  and  doming  up  Cambrian, 
Silurian,  and  Carl)oniferous  beds  on  its  northern  side.  This  AVhite- 
wood  Canyon  laccolith  is  rathei"  a  subordinate  offshoot  of  the  Polo 
Peak  mass  west  of  it  (PI.  XIX).  Remnants  of  a  subordinate  laccolith 
similar  to  Pillar  Peak  occur  on  the  east  side  of  Peedee  Gulch,  and 
again  on  the  opposite  side  of  the  wide  Pleistocene  gravel  area  filling 
the  head  of  Boulder  Creek,  where  a  small  porphyry  Ijodj'  lies  next,  to 
a  well-marked  E.-AV.  fault.  These  two  small  masses  are  of  the  same 
rock — a  phonolite — and  were  probably  once  continuous.  As  the  north- 
ern mass  rests  on  Minnelusa  and  the  southern  one  on  gray  limestone, 
the  progressive  truncation  northward  of  dipping  beds  is  the  .same  as  in 
Pillar  Peak  and  Bear  Den  Mountain.  The  two  Whitewood  Canyon 
faults  (section  A-B-C,  PI.  XXI)  have  upthrow  on  the  north  in  both 
cases  and  slight  northerly  hade.  They  fade  out  ea.st  and  west,  and  are 
unquestionably  occasioned  by  uplift  due  to  the  subterranean  portion 
of  the  Whitewood  Canyon  laccolith.  There  is  therefore  no  necessity 
for  supposing  that  the  phonolite  adjacent  to  the  southern  fault  is  in 
any  wav  genetically  associated  with  it. 

Tilford  and  Dead  Man  laccoliths  (PL  XIX),  and  remotely  Bear 
Butte,  are  subordinate  to  the  Vanocker  mass,  the  last  occurring  8  miles 
to  the  northeast.  Bear  Butte  shows  structure  that  indicates  a  subter- 
ranean conduit  from  the  direction  of  the  hills,  as  in  the  case  of  the 
others.  Crook  Mountain  and  Elkhorn  Peak  undoubtedly  have  similar 
structure.  l)ut  ei-osion  has  not  revealed  the  porphyry. 
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WHITEWOOD    CANYON'    LACCOLITH. 

In  Whitewood  Canyon  immediateh'  west  of  Whitewood  Mountain 
is  shown  a  small  laccolithic  mass  of  rh^-olite  which  in  cross  section 
resembles  Black  Butte  in  the  Judith  Mountains,  described  b}-  Weed 
and  Pirsson.'  The  orifice  of  intrusion  appears  to  have  been  a  fault 
with  upthrow  on  the  north,  and  a  second  fault  of  similar  character 
appears  1  mile  farther  south,  up  the  canyon.  These  faults  die  out 
within  a  short  distance  of  the  porph^^ries  east  and  west,  and  thus 
appear  to  be  genetically  associated  with  the  deformation  occasioned 
by  intrusion.  The  laccolith  is  quite  unsymmetrical,  the  Silurian  and 
Carboniferous  limestones  on  the  southern  side  showing  no  marked 
deformation  except  a  sharp  backward  bend  at  the  porphyry  contact, 
while  on  the  northern  side  the  whole  Paleozoic  series  from  the  lower 
beds  of  the  Cambrian  to  the  Upper  Carboniferous  inclusive  are 
upturned  at  a  high  angle,  overlie  the  porphyry,  and  are  locally 
faulted.     (Section  B-C,  PI.  XXI.) 

Topographically',  Whitewood  Canj-on  laccolith  is  inconspicuous. 
The  traveler  on  the  Fremont  Railroad  in  Whitewood  Canyon  below 
Dead  wood  would  not  suspect  its  presence.  In  going  down  the  canyon 
the  most  striking  features  seen  are  the  brown  Cambrian  and  white  lime- 
stone cliffs  that  rise  ahiiost  vertically  600  to  700  feet  above  the  bed  of 
the  muddy  torrent.  At  the  bridge  the  line  of  the  railwa}'  crosses  the 
southern  fault,  marked  in  the  cliffs  by  an  abrupt  transition  from  lime- 
stone on  the  south  to  steep  walls  of  brown  Cambrian  flags,  limestone 
breccias,  and  shales,  which  at  the  fault  are  indurated  to  a  gray  and 
black  horny  rock  of  chalcedonic  aspect.  Three-quarters  of  a  mile 
below,  a  gulch  is  seen  on  the  east  side  of  the  canyon  that  has  been 
eroded  out  on  the  fault  or  conduit  side  of  the  laccolith.  Curious 
revetting  scarps  of  porphyrv  that  at  first  sight  resemble  sediments 
curve  up  over  the  spur  on  the  north  side  of  the  shiall  gulch,  while  on 
the  south  side  porphyry  forms  the  lower  portion  of  the  slope,  and 
above  it  the  contact  with  dragged  limestones  forms  a  small  bench. 
The  summit  of  the  porphyry  hill  on  the  north  side  is  Cambrian  Obolus 
sandstone,  containing  a  small  sill  that  outcrops  in  a  ring  about  the 
crest.  More  conspicuous  than  this  sunnnit  are  the  monoclinal  ridges 
of  Paleozoic  limestone  north  and  northeast,  the  second  being  White- 
wood  Peak;  at  one  place  the  broad  yellow  bench  of  Silurian  spotted 
limestone  shows  a  bare  rock  face  with  small  faults  displacing  the  beds. 
This  escarpment  is  a  conspicuous  landmark  fi-om  the  summits  about, 
and  may  be  seen  dipping  off'  the  eruptive  from  the  bend  of  Whitewood 
Creek,  where,  at  a  shai'p  elbow  of  stream  capture,  the  railway  leaves 
the  canyon  by  a  tuiuiel  through  the  Minnelusa  ridge.  The  White- 
wood  Canyon  laccolith  differs  from  the  Judith  Mountains  type  of 

1  Log.  fit.,  p.  555. 
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uns^'nimetrical  laccolith  mountain,  Black  Butte,  in  that  erosion,  by 
monoelinal  shifting,  has  not  progressed  far  enough  to  give  the  por- 
phyry relief  above  the  limestones  which  encompass  it. 

CROOK    MOUNTAIN. 

Crook  ^Mountain,  adjacent  to  the  Whitewood  laccolith  on  the  north- 
west and  .separated  from  it  b}'  the  synclinal  valle}'  of  Sandy  Creek, 
is  the  type  of  a  laccolithicr  dome  in  which  as  yet  the  porphja-y  core  has 
not  been  revealed  by  erosion.  The  Minnelusa  sandstone  and  limestone 
dip  away  from  the  summit  luiiformly  in  all  directions,  and  the  purple 
Permian  limestone  is  interrupted  at  only  two  points  in  its  encircling 
escarpment.  Through  this  escarpment  the  radial  drainage  cuts  char- 
acteristic V-shaped  gateways,  the  clips  being  steepest  on  the  northeast 
side,  where  the  Boulder  Park  synclinc  narrows  to  its  region  of  maxi- 
mum appre.ssion,  confined  between  a  plunging  anticline  on  the  east  and 
the  al)rupt  dome  of  Crook  Mountain.  On  the  northwest  flank  of  the 
mountain  Whitewood  Creek  has  cut  a  deep  canyon,  revealing  the  under- 
lying gray  limestone,  l)ut  not  reaching"  the  porphyry,  which  probabh'  is 
intruded  at  the  base  of  the  Silurian.  (Pi.  XLl,  ii,  geologic  map  of 
Crook  Mountain.) 


The  strata  dipping  to  the  north  from  the  Vanocker  laccolith  form  a 
s^Micline  in  Deadman  Mountain  (PL  XXI,  Section  F-G),  and  in  lower 
Deadman  Gulch  rh\olite  again  rises  in  a  long,  low  dome  which  outcrops 
in  the  bottom  of  the  deepest  part  of  Deadman  Can3'on.  At  the  point 
where  this  somber  canyon  opens  on  the  north  a  clifl'  wall  exposes  the 
porphyry,  filling  a  fault  fissure  which  terminates  this  low  dome  on 
its  northern  side  and  permits  the  eruptive  to  break  upward  and  out- 
ward to  the  northeast  into  the  Minnelusa  beds.  There  is  thus  exposed 
in  cross  section,  for  a  distance  of  a  mile,  the  upper  laccolith,  its  conduit, 
and  its  source  in  the  lower  mass.  On  the  western  side  a  dike  follows 
the  fault  fissure  for  a  short  distance  along  the  contact  between  the 
faulted  gray  limestone  and  Minnelusa  sandstone;  in  the  bottom  of  the 
canyon  the  dike  breaks  across  Silurian  limestone  and  underlying  shales. 
This  dike  fissure  marks  the  fading  out  of  one  of  the  concentric  fractures 
made  by  the  lower  dome  in  the  limestones  on  its  northern  side,  the 
middle  portion  of  the  fracture  being  occupied  by  the  greater  conduit. 
Four  hundred  feet  higher,  on  the  northeastern  side  of  the  canj-on,  the 
same  Silurian  limestone  overlying  the  porphvr}'  recurs,  forced  upward 
b}'  the  magma  as  it  broke  across  the  strata,  while  far  below,  on  the 
northern  side  of  the  conduit,  there  are  exposed,  under  the  newer  lacco- 
lith, beds  of  gray  limestone  that  originally  were  continuous  with  those 
capping  the  uplifted  mass  shown  on  the  same  (eastern)  side  of  the 
creek.     (PI.  XXVI  and  fig.  85.) 
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A  comparison  of  this  Deadiuan  laccolith  with  the  one  in  Whitewood 
Canyon  shows  similar  structure,  the  cross  section  revealed  by  erosion 
in  this  case  making-  visible  the  conduit.  This  occurrence,  and  the  dikes 
breaking  through  the  upper  Paleozoic  strata  a  few  miles  to  the  south- 
west, show  a  repetition  of  the  same  phenomena  that  were  observed  in 
the  cases  of  Bear  Den  Mountain,  Pillar  Peak,  Whitewood  Canyon, 
and  Crook  Mountain,  where  the  greater  eruptive  masses  show  tendency 
to  throw  out  offshoots  northeast  that  mark  the  limits  reached  by  intru- 
sion in  each  district.  The  photograph  of  Deadman  laccolith  (PL 
XXVI)  shows  an  abrupt  break  in  the  sky  line  occasioned  by  Bear 
Butte,  another  igneous  intrusion  far  out  in  the  plains,  almost  in  the 
line  drawn  through  Deadman  laccolith  from  the  greater  interior  por- 
phyry mass  of  Custer  Peak.  Coincident  with  its  greater  remoteness 
from  the  seat  of  greatest  igneous  activity,  the  porphyry  of  Bear  Butte 
has  reached  a  higher  horizon  stratigraphicall}'  than  that  in  contact 
with  any  of  the  other  igneous  masses  of  the  northeast  border  of  the 
Black  Hills,  and  yet  it  shows  the  same  structure. 

The  section  from  southwest  to  northeast,  shown  in  PI.  XXI  (F-G), 
is  repeated  in  the  sketch  (fig.  85),  but  seen  from  the  opposite  side. 
Here  is  shown  the  eastern  wall  of  Deadman  Canvon,  with  the  upraised 
limestones  resting  above  the  conduit  and  the  laccolith  extending  to  the 
northeast;  the  direction  of  its  irruption  seems  to  point  toward  distant 
Bear  Butte  as  to  another  outbreak  on  the  same  line  of  igneous  activity. 
Gray  limestone  occurs  under  the  laccolith  on  the  east  side  of  the  canyon, 
and  a  small  remnant  cap  of  limestone  still  rests  upon  the  porphyrv 
flank  at  one  point. 

Topographically  in  the  Deadman  as  in  the  Whitewood  laccolith, 
the  limestones  above  the  conduit  region  dominate  the  porphyry  and 
occupy  the  highest  summits.  Intrusion  at  a  higher  horizon,  however 
(Minnelusa  instead  of  Cambrian),  has  permitted  erosion  to  go  deeper 
into  the  laccolith  on  the  east  and  west  flanks,  and  in  consequence  the 
basement  strata  and  conduit  are  revealed.  The  flanking  sediments, 
while  still  forming  an  encircling  escarpment,  do  not  lap  over  the  edge 
of  the  lens  of  igneous  rock,  which  has  been  eroded  almost  bare. 

TILKOKl)    LACCOLITH. 

An  eastern  offshoot  of  the  Vanockei-  porphj-ry  mass  occurs  2  miles 
west  of  Tilf ord.  In  structure  this  is  an  unsynunetrical  laccolith,  essen- 
tially like  the  one  at  Deadman  Gulch,  intruded  in  the  Minnelusa  shales 
and  sandstones.  From  a  road  in  the  canyon  west  of  Tilford  the  dome 
surface  curving  down  to  the  east  is  seen  to  dip  under  a  Miinielusa 
escaqiment.  Continuing  westward,  the  road  enters  a  narrow  glen 
with  vertical  porphyry  walls  which  show  a  remarkable  massive  platy 
parting.  Finally  the  western  contact  of  porphyry  and  limestone  is 
seen,  showing  the  limestone  bed  with  gentle  dip  eastward,  cut  across 
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b}'  porphj-iy,  which  curves  upward  to  the  east  and  shows  well-devel- 
oped columns  perpendicular  to  the  contact.  The  limestone  here  seems 
but  little  deformed  (PI.  XX VII).     This  again  illustrates  the  invariable 


relation  of  subordinate  laccolith  to  main  mass,  the  conduit  of  the 
forn)er  being  a  peripheral  strike  fracture  in  the  sedimentary  cover  of 
the  larger  igneous  body. 


^■^■/\ 
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HEAR    lUTTE. 


Boar  l^utt(>  is  an  isolated,  steep  intrusive  mass  0  miles  northeast 
from  Sturg-is,  a  town  situated  in  the  Red  Valle}-,  on  the  northeastern 
border  of  the  Black  Hills  (PI.  XVIII).  Bear  Butte  is  about  5  miles 
from  the  nearest  hills  of  Cretaceous  strata  that  represent  the  periphery 
of  the  Black  Hills  uplift,  being  thus  wholly  within  the  area  of  the 
Great  Plains,  which  are  here  made  up  chiefly  of  dark  shales  of  the 
Benton  horizon.  While  somewhat  less  abrupt  than  ]Mato  Teepee,  this 
lonely  monolith  in  the  midst  of  flat  and  arid  land  is  quite  as  impres- 
sive, and  for  the  geologist  more  interesting,  on  account  of  the  expo- 
sures about  its  base  of  upturned  strata  that  show  clearh^  the  manner 
of  its  intrusion.  In  a  previous  paragraph  mention  has  been  made  of 
the  fact  that  Bear  Butte  lies  in  a  direct  line  connecting  the  Deadman 
laccolith  with  Custer  Peak,  and  the  nature  of  the  rock  as  well  as  the 
method  of  its  intrusion  indicates  a  laccolithic  structure  which  differs 
from  that  of  the  Deadman  laccolith  only  as  it  afi'ects  beds  stratigraphi- 
callv  higher,  and  has  a  greater  thickness  in  proportion  to  its  lateral 
extent  (PI.  XXVIII). 

The  accompanying  sketch  map  and  cross  section  show  the  structure 
of  Bear  Butte  (PI.  XXX),  the  strata  aflected  ranging  from  the 
base  of  the  Carboniferous  gray  limestone  to  Benton  shales,  above 
■which  the  eruptive  mass  now  protrudes.  In  form  the  mountain  is 
elliptical,  its  longer  axis  trending  east  and  west,  the  greater  mass 
forming  an  elongate  western  dome,  which  is  separated  on  the  east  by 
deep  chasms  from  a  series  of  upturned  eroded  shells  of  Carboniferous 
limestone  that  now  forms  a  steep  pinnacled  secondary  mass  from 
which  extend  spurs  north  and  south.  The  summit  of  Bear  Butte  is 
4,422  feet  above  the  sea,  or  about  1,300  feet  above  the  surrounding 
plains.  Upturned  sediments  occur  at  the  western  base  of  the  moun- 
tain, these  being  Juratrias  and  Cretaceous,  while  at  the  eastern  end  is 
exposed  a  section  from  the  gray  limestone  to  the  Benton,  complicated 
with  some  faulting  and  imperfectly  exposed.  The  gray  limestone  and 
Minnelusa  beds  are  fractured  and  somewhat  silicified,  and  there  is 
evidence  that  the  Minnelusa  is  all  very  calcareous  at  this  distance 
from  the  hills.  The  two  formations  are  not  clearly  distinguish- 
able. The  faults  mapped  are  only  approximate  in  their  position  and 
trend. 

To  one  approaching  the  mountain  from  the  west,  a  conspicuous  fea- 
ture shown  at  the  soutliwestern  coi-ncr  of  the  mass  is  a  series  of  low 
escarpments  extending  from  on(^-haIf  to  three-quarters  of  a  mile  from 
the  l)ase  of  the  porphyry  cliffs.  These  ridges  are  composed  of  dip- 
ping strata  of  limonitic  Dakota  sandstone  and  shales,  having  a  dip 
which  changes  from  the  base  of  the  mountain,  where  it  is  due  east,  to 
east-southeast,  southeast,  south-southeast,  and  .south  in  a  distance  of 
half  a  mile  to  the  southwest.     In  other  words,  the  escarpment  shows 
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a  curve  along  its  strike,  and  Avhen  \dewed  from  a  higher  point  at  the 
western  base  of  the  mountain  this  curve  is  seen  to  continue  in  an 
elliptical  wall  inclosing  an  area  which  shows  inner  escarpments  of 
similar  trend  that  indicate  a  doming  up  of  the  strata  immediate!}' 
east-southeast  of  the  mountain.  The  central  portion  of  the  inclosure 
thus  encircled  with  curving  dip  scarps,  Circus  Flats,  is  a  basin  eroded 
out  of  the  soft  red  beds,  and  the  diameters  of  that  portion  of  the  swell 
which  affects  the  beds  now  exposed  arc  about  1^  miles  east  and  west 
by  1  mile  north  and  south  (PI.  XXX).  The  inclosing  escarpments 
are  less  clearly  shown  on  the  northwest,  where  erosion  by  Spring 
Creek  and  its  tributaries  has  destroyed  them.  The  encircling  escarp- 
ments, however,  northeast,  east,  south,  and  west,  are  sufficiently  pro- 
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Fig.  86.— Profile  sections  of  Bear  Butte. 

nounccd  to  leave  no  question  that  we  have  here  a  true  (iUiujiun  i-rsal, 
which  differs  from  such  domes  as  Elkhorn  and  Crook  jMountain  only 
b}-  reason  of  the  fact  that  erosion  has  not  3-et  reached  the  resistant 
purple  limestone  and  Minnelusa  sandstone,  but  is  still  at  work  on  the 
soft  red  l)eds,  and  accordingly  produces  a  basin  instead  of  a  dome. 
The  resemblance  of  this  basin  to  a  circus  ring  or  race  course  is  most 
remarkable,  and  on  this  account  it  has  been  named  Circus  Flats.  Lying 
east-southeast  of  Bear  Butte — that  is,  in  a  similar  direction,  relative  to 
the  greater  mass,  to  that  of  the  feeding  reservoirs  of  Deadman  or 
Whitewood  laccolith — there  is  good  reason  for  the  assumption  that 
this  doming  up  of  strata  to  the  southeast  indicates  a  subterranean  lac- 
colithic  swelling  that  marks  the  first  effort  of  the  Bear  Butte  magma 
prior  to  the  production  of  the  fissure  through  which  was  forced 
upward  the  mass  which  now  makes  the  mountain. 
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The  deformation  of  the  seuimenta  at  the  western  base  of  the  moun- 
tain indicates  a  sharp  synclinal  bend  between  the  east-dipping  mem- 
bers of  the  Circus  Flat  series  and  the  beds  upturned  by  the  Bear  Butte 
irruption.  The  section  here  exposed  is  shown  in  PI.  XXX.  Imme- 
diately at  the  base  of  the  mountain,  dipping-  ♦)(»'  to  the  westward,  is  a 
dense  gray  quartzite  overlain  by  red  and  Iniif  sandstones  and  white 
sandstone.  Intercalated  among-  these  sandstone  beds  are  sills  of  rhyo- 
lite  30  and  50  feet  thick,  representing-  that  portion  of  the  magma 
which  breaks  through  the  bends,  as  indicated  in  the  original  type 
sections  in  the  Henry  Mountains. 

The  topographic  expression  of  this  section  is  shown  in  the  several 
profiles  (fig.  86)  and  in  the  sketches  (Pis.  XXXI,  XXXII).  Espe- 
cially striking  is  the  drainage  of  Circus  Flats,  illustrating  many  fea- 
tures of  stream  capture,  .and  the  development  of  subsequent  drainage, 
in  a  fashion  that  makes  this  locality  a  type  and  model  for  the  study 
of  physiography.  The  stream  in  the  foreground  (PI.  XXXII)  is 
the  master  of  the  several  radial  streams  that  at  one  time  flowed  off 
the  dome  of  Dakota  sandstone.  Outside  of  the  Dakota  rim  these 
radial  streams  may  still  be  seen,  while  Spring  Creek  circles  around 
and  avoids  the  dome  on  its  western  and  northern  sides.  By  reason  of 
its  advantage  in  fall,  being  the  stream  that  enters  Spring  Creek  at 
the  lowest  point,  and  the  first  to  reach  the  soft  Red  Beds,  the  northward- 
flowing  master  radial  stream  has  gi-adualh'  reversed  the  drainage  of  the 
central  poi-tion  of  (Circus  Flats  from  i-adiation  outwai-d  to  radiation 
inward. 

A  comparison  of  the  cross  sections  of  Bear  Butte  with  those  of 
Whitewood  Canyon,  Deadman  Gulch,  and  Pillar  Peak  (PI.  XXI)  will 
show  the  writer's  reason  for  reconstruction  of  the  subterranean  con- 
duit on  the  western  side  of  the  butte.  Erode  away  the  section  as 
figured  (PI.  XXX)  and  remov<i  the  greater  part  of  the  eastern  flanking 
sediments,  and  there  will  ))e  left  the  Deadman  laccolith  section.  There 
is  some  resem])lance,  too,  to  Black  Butte  in  the  Judith  Mountains,  but 
no  surface  indication  of  the  subterranean  feeding  mass  equivalent  to 
the  Circus  Flats  dome  is  there  indicated.  To  this  luiderground  dome, 
which  is  prol)ably  much  larger  than  the  surface  quaqua\-ersal  (sec 
p.  2()8),  Bear  Butte  is  but  aperiph(M-al  ofl'shoot.  In  Oyster  ]\Iountuin, 
north  of  Sturgis,  there  is  a  faint  ([uacjuaversal  structure,  and  it  is  very 
probable  that  in  the  buried  (^ambrian  1)e(ls  between  Deadman  Gulch 
on  the  west  and  B(>ar  Butte  on  the  (>ast  there  are  largt^  masses  of 
igneous  rock. 

DKKOKMATION    DIK   TO    ISTKISION. 

In  the  Whitewood  Canyon  intrusive  body  a  cap  of  Cambrian  sand- 
stone still  remains,  and  the  flaid<uig  strata  are  shown  in  great  comph^te- 
ness,  the  greater  part  of  the  i)orphyry  dome  being  perhaps  still  masked 
by  the  mantling  strata.     In  Crook  Mountain.  recognizal)le  aslaccolitliic 
21  (iKOI.,  I'T  3— 01 1») 
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in  character  by  its  perfect  dome  .structure,  the  porphyry  is  still 
uurevealed  and  the  drainage  radiates  on  the  Minnelusa  sandstone  cover 
ill  all  directions  to  supply  the  encircling  j^reater  streams  which  outline 
the  poripher}'  of  the  uplift.  Finally,  between  those  masses  whose 
capping  strata  still  persist,  as  between  Crook  Mountain  and  the  White- 
wood  Canyon  laccolith,  sj'ndinal  depressions  are  observed,  and  to  the 
east  of  the  Pillar  Peak,  Bear  Den  Mountain,  and  Dome  Mountain 
laccoliths,  occurs  a  similar  syncline,  separating  these  from  the  Van- 
ocker  district.  Inclosed  by  the  whole  group  of  intrusions  is  the  Boul- 
der Park  Basin,  which  is  bounded  on  the  northeast  l)y  a  great  anticline 
that  originated  over  the  elongate  intrusions  that  extend  from  lower 
Deadman  Creek  many  miles  to  the  southeast.  The  intrusives  of  this 
region,  therefore,  may  ])e  in  part  considered  as  sources  of  deformation 
with  reference  to  the  sediments,  capable  of  exerting  lateral  as  well  as 
vertical  pressure,  and  the  strata  yielded  to  the  stresses  applied  by 
this  agent  in  the  same  fashion  and  following  the  same  laws  of  compe- 
tent structure  with  reference  to  api)lied  force  that  are  observed  in  the 
greater  ])lications  of  the  Appalachians. 

OROOENIC    DKKORMATIOX. 

It  can  not  l)e  asserted,  however,  that  the  Bear  Butte  Canyon  anticline 
and  the  Boulder  Park  svncline  were  Avholly  induced  l)y  the  intrusives. 
Similar  folds  occur  along  the  eastern  border  of  the  Hills  where  por- 
phyry is  absent,  as  at  Hot  Springs,  where  the  lower  Mesozoic  rocks 
are  warped  into  massive  folds  of  Appalachian  type  with  axes  follow- 
ing the  general  strike  on  the  curve  of  the  Black  Hills  ellipse.  Such 
folds  may  be  regaixled  as  due  to  a  settling  back  or  overturning  of  the 
greater  dome  of  the  Hills,  or  to  movements  of  actual  extension,  per- 
haps accompanied  by  fracture  and  faulting  locally.  Such  greater 
movements  gave  passage  to  the  eruptives;  and  the  latter  ha\e  been 
shown  to  produce  great  horizontal  extension  by  filling  the  upturned 
Algonkian  strata  with  dikes.  This  extensional  movement,  transferred 
to  the  Hat  Paleozoic  sediments  resting  across  the  Algonkian  beds,  Avas 
transmitted  horizontally  by  the  competent  Siluro-Carboniferous  lime- 
stone, and  was  accommodated  by  folding. 

Concomitantly  the  intrusive  filled  every  weak  place  where  the  arches 
tended  to  open  and  where  the  incompetent  Cambrian  strata  were  thick- 
est, avoiding  the  synclinal  axial  regions  of  appression;  given  impetus 
locally  they  wrinkled  and  ruptured  the  strata;  in  greater  masses  they 
transformed  an  initiated  anticline  into  an  irregular  dome;  they  filled 
anticlinal  elevations  and  accentuated  the  intervening  synclines,  buck- 
ling and  warping  the  folds  and  destroying  any  original  tendency  to 
axial  alignment.  The  Bear  Butte  Canyon  anticline  may  l)e  considered 
one  of  the  original  folds;  it  is  distorted  into  the  Vanocker-Deadman 
dome  in  its  southeastern  extremity,  and  it  pitches  northwest  at  White- 
wood  and  flattens  out.     At  Bear  Butte  Canyon  it  has  the  profile  of  a 
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step  fold  with  its  steeper  limb  toward  the  Algoukiaii  region  of  conduits 
on  the  west — i.  e.,  toward  the  applied  force.' 

The  Boulder  Park  spoon  is  a  remnant  of  the  original  s^-ncline.  At 
the  southeastern  end  it  doubles,  forming  the  synclines  of  Deadman 
Mountain  and  Park  Creek,  both  separating  porphyry  masses.  At  its 
northwestern  end  it  is  divided  in  two  by  Crook  Mountain  dome,  which 
pinches  it  on  the  northeast  side  against  the  aforementioned  anticline, 
and  on  the  southwest  side  against  the  Whitewood  Can3'on  laccolith. 
Beyond,  to  the  northwest,  the  broad  syncline  continues,  flattening  out 
in  the  Jura-Cretaceous  hills  west  of  Whitewood,  where  it  is  again  inter- 
rupted ])}•  Elkhorn  dome.  The  next  fold  to  the  southwest  was  a  great 
anticline  over  the  whole  Terry  Peak  district  (PI.  XIX).  Its  crest  is 
entirely  eroded  away;  it  was  scalloped  on  its  northern  side  into  trans- 
verse folds  of  northerly  and  northeasterlj-  pitch,  with  the  anticlines 
domed  up  by  the  Speariish  Peak,  Polo  Peak,  and  Dome  Mountain  lac- 
coliths. Along  the  S3'nclines  flowed  the  ancient  Pleistocene  streams 
(PI.  XX),  and  the  history  of  the  development  from  them  of  the  pres- 
ent drainage  forms  one  of  the  most  interesting  chapters  in  the  evolution 
of  the  region. 

sr.MMAHV    OK   SUBORDIX.VrE    J.ACCOLITHS. 

The  AVhitewood  Can3on  laccolith  was  fed  from  a  su])terranean  mass, 
which,  in  its  flrst  effort  to  dome  the  massive  limestones,  fractured 
them  and  arched  them  up  north  of  the  southern  fault.  Through  a 
second  fault  gash  the  magma  swelled  to  the  northward  and  arched  the 
Paleozoic  beds  into  an  unsymmetrical  dome.  Probablv  the  fault 
died  out  upward,  as  it  is  seen  to  do  laterallv.  In  Crook  Mountain 
the  dome  is  preserved,  with  no  conspicuous  faults  shown.  In  the 
Deadman  laccolith  the  southern  fault  is  replaced  by  a  monocliual 
fold;  the  representative  of  the  northern  one  persists,  and,  since  the 
magma  was  intruded  at  a  higliei-  horizon,  erosion  has  removed  most  of 
the  covering  strata  and  revealed  in  cross  section  the  conduit.  Another 
stage  is  shown  in  the  case  of  the  Tilford  laccolith,  whei-e  the  same  kind 
of  conduit  section  is  revealed  in  part  and  the  eastern  upper  flank  con- 
tact is  still  i)reserved.  All  of  these  are  unsynunetrical  laccoliths,  pro- 
ducing maxinium  deformation  of  sediments  on  the  side  remote  from 
the  Black  Hills,  and  fed  from  inclined  conduits. 

Precisely  the  same  structure  is  indicated  by  the  evidence  at  Bear 
Butte,  where  the  backward  flexure  of  the  limestone  on  the  side  remote 
from  the  Hills  is  still  more  intense,  and  the  eastern  subterranean  dome 
indicates  the  direction  from  which  the  mass  was  fed.  In  all  of  these 
stages  there  are  various  sizes  of  laccoliths  at  the  same  horizon,  and 
laccoliths  of  similar  size  at  different  horizons,  though  in  no  case  can 
positive  measurements  be  gi\en.  owing  to  the  concealment  in  most 
cases  of  the  extreme  rim  or  wedge  at  the  border.     It  mav,  however, 
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be  stated  with  some  assurance  that  the  ratio  of  breadth  to  height  dimin- 
ishes in  the  subordinate  laccoliths,  and  that  the  higher  the  beds  dofoi-med 
by  the  porphA-ry  the  greater  the  steepness  of  the  dome  and  the  smaller 
the  ground  plan.  All  of  these  laccoliths  are  intruded  among  folds, 
through  conduits  which  are  in  some  cases  demonstrabl}-  faults.  Sim- 
ilar deformation  occurring  elsewhere,  the  preponderance  of  evidence 
shows  that  the  intrusives  were  contemporaneous  with  or  subsequent 
to  orogenic  deformation. 

LACCOLITHIC    INTRUSIVES   OF    TERRY   DISTRICT. 

The  several  gi'oups  of  intrusive  bodies  may  be  individually  described 
under  the  name  "complex."'  Five  such  complexes  are  distinct,  and 
show  evidence  of  being  separated  from  one  another  by  what  Avere 
originally  synclinal  depressions  in  the  covering  strata.  These  are, 
from  east  to  west,  the  Vanocker,  Two  Bit,  Terry-Polo,  Cement  Ridge, 
and  Bearlodge  complexes.  Of  these  the  most  conspicuous,  by  reason 
of  its  association  with  valuable  ore  in  the  most  populous  district  of  the 
northern  hills,  is  the  Terry-Polo  complex. 

The  area  of  porphyries  inmiediately  associated  with  those  which 
form  the  Deer  Mountain  Range,  including  Terry  Peak,  the  highest 
point  of  the  northern  Black  Hills,  embraces  about  80  square  miles, 
naturally  bounded  by  Speartish  Canyon  on  the  west,  that  portion  of 
the  Red  Vallev  known  as  Centennial  Prairie  on  the  north,  and  portions 
of  Whitewood  Canyon  and  Bear  Butte  Valley  on  the  east,  while  to  the 
southward  Custer  Peak  forms  the  last  porph3'r\'  remnant  of  import- 
ance in  the  schist  region  of  maximum  corrasion  of  the  Black  Hills 
dome  (PI.  XIX).  Genetically  it  is  not  improbable  that  Citadel  Rock 
and  Crow  Peak,  lying  to  the  northwa'st,  in  the  line  connecting  Custer 
Peak,  the  Woodville  Hills,  Terry  Peak,  and  Ragged  Top!  may  be 
related  to  this  Terry  group  bv  reason  of  the  fact  that  the  greater 
number  of  known  dikes  in  the  Algonkian  have  a  trend  pai'allel  to  this 
one,  and  hence  it  is  probable  that  great  laccolithic  bodies  lying  in  a 
continuous  line  have  a  common  conduit  or  group  of  conduits.  Petro- 
graphically,  however,  they  are  composed  of  a  varietv  of  different  rocks. 
The  area  of  the  Terry  complex  may  be  divided  into  three  belts. 
The  Deer  Mountain  belt  includes  Custer,  Deer,  Terry,  Ragged  Top, 
and  Spearfish  peaks,  lying  in  general  to  the  east  of  the  exposed 
Algonkian.  The  second  belt  includes  dikes  and  stocks  in  schist  extend- 
ing from  False  Bottom  Creek  southeastward  to  Bear  Butte  Creek. 
The  third  belt  is  made  up  of  intrusives  in  dipping  strata  from  Cam- 
briaTi  to  Carboniferous,  and  includes  the  sills  and  laccoliths  between 
Tetro  and  Whitewood  creeks.  The  three  belts  are  topographicall}^ 
distinct,  the  first  being  the  edge  of  the  great  western  limestone  plateau, 
the  second  the  Algonkian  valley,  and  the  third  the  Palaeozoic  escarp- 
ment, corresponding  to  the  Two  Bit  and  Vanocker  districts  southeast. 
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FALSE    BOTTOM    CONDUIT. 


On  the  east  side  of  False  Bottom  Creek,  1  mile  above  Garden, 
occurs  a  mass  of  phonolite  of  irregular  form  immediately  in  contact 
with  schists.  From  this  mass  dikes  run  out  to  the  southeast,  and 
probabl}'  in  other  directions,  though  no  actual  junction  has  been 
observed.  The  mass  as  a  whole  forms  a  hill  rising  iOO  feet  above  the 
creek,  and  the  eastern  and  northern  crests  form  a  peculiar  curved 
escarpment,  made  up  apparently  of  coarse  sheaflike  joints  or  columns 
projecting  obliquely  upward  and  outward.  In  the  bottom  of  False 
Bottom  Creek,  a  few  yards  below  the  falls  and  immediatel}'  under  this 
hill,  the  porphyry  is  seen  in  contact  with  schists,  the  contact  being  in 
general  that  of  a  dike  parallel  with  the  schistosity.  There  is  no 
appearance  of  horizontal  contacts  with  Cambrian  beds  in  the  hill  slope. 
It  seems  probable  that  this  is  a  true  stock  which  represented  the  con- 
duit of  laccolithic  bodies  whose  southern  ends  are  now  eroded  away. 

Exactly  the  same  rock  occurs  in  Cambrian  strata  on  the  spurs  to  the 
north,  on  both  east  and  west  sides  of  False  Bottom  Creek.  These 
masses  are  dipping  with  the  sediments,  and  form  a  series  of  lenticular 
bodies  intruded  in  the  northward-dipping  Paleozoics  on  the  several 
ridges  between  Spcartish  and  Miller  creeks.  On  traversing  any  one 
of  these  ridges  northward  the  edges  of  dipping  strata  and  igneous 
lenses  of  varying  composition  form  a  series  of  steps  or  small  transverse 
ridges,  and  the  igneous  bodies  thus  show  signs  of  having  formerly 
continued  southward.  Such  southern  continuation  of  the  phonolite 
mentioned  would  pass  over  the  False  Bottom  stock. 


linVOOl)    f'KEKK    fONDlIT. 


A  massive  stock  of  diorite  forms  precipitous  cliffs  1^  miles  above 
Central,  at  a  sharp  bend  in  Deadwood  Gulch,  on  the  lino  of  the  Crown 
Hill  branch  of  the  Fremont  Railway.  This  stock,  as  seen  from  the 
canyon,  resembles  more  a  huge  dike,  its  contact  walls  being  parallel 
with  many  other  dikes  exposed  along  this  railroad  between  Central 
and  Texana.  The  mass  has,  however,  no  considerable  longitudinal 
extent,  as  it  either  forks  into  smaller  dikes  or  thins  out  southward, 
and  its  northern  continuation  is  obscure.  This  stock,  as  in  the  case 
of  the  False  Bottom  conduit,  may  l)e  a  feeder  of  laccolithic  masses  to 
the  northeast,  where,  beginning  along  the  eastern  wall  of  Blacktail 
Gulch,  a  series  of  sills  and  laccoliths  may  l)e  traced  into  the  northeast- 
erly dipping  Paleozoic  sediments;  the.se  form  the  Polo  Peak  group 
ol"  hills,  one  of  the  most  continuous  and  extensive  porph3'ry  masses 
in  the  region.  In  this  is  included  the  high  porphyry  hills  between 
City  Creek  and  Blacktail  Gulch,  and,  farther  north,  the  Miller  Creek 
porphyry.  Sheep  Mountain,  and  Polo  Peak.     This  is  the  region  of 
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greatest  tliinning  in  the  Carboniferous  limestone,  and  consequentU' 
the  place  where  it  was  the  most  flexible  to  bend  upward  imder  pres- 
sure of  porphyries  below  (see  section  on  PI.  XIX.) 


The  diorito  stock.  l..">0(»  feet  thick,  is  only  one  of  ma*\v  conduits  in 
Deadwood  Gulch.  West  of  it.  along  the  railroad,  there  is  iin  1.800- 
foot  section  which  shows  chiefly  porphyry  dikes.  Farther  west  two 
dikes,  630  and  10  feet  thick  respectively,  cut  the  schist.  In  the  spur 
south  of  Texana  ten  dikes  are  shown,  ranging  in  thickness  from  2  to 
780  feet.  Irving  mentions  twenty-two  dikes  from  10  to  100  feet  in 
width  between  Texana  and  the  great  dioritc  mass.  He  states  his 
belief  that  ''were  the  whole  of  the  Algonkian  area  carefully  mapped, 
it  is  no  exaggeration  to  say  that  at  least  one-third,  if  not  more,  would 
be  igneous  rock."'  He  refers  to  the  diorite  as  a  dike.  The  masses 
called  stocks  in  this  paper  have  usually  an  elongate  trend  parallel  to 
the  schistosit}-  of  the  Algonkian,  but  their  size  and  irregularity  war- 
rant separate  mapping.  The  False  Bottom  and  Deadwood  Gulch  stocks 
may  occupy  a  common  fissure,  as  they  lie  in  a  line  parallel  to  most 
of  the  dikes.  The  dikes  in  Deadwood  Gulch  follow  westward-dipping 
lamination  planes  and  are  very  commonly  associated  with  breccias  on 
the  walls,  in  zones  from  a  few  inches  to  a  foot  or  more  in  thickness, 
made  up  of  fragments  of  schist  embedded  in  a  muddy,  siliceous,  or 
carbonaceous  matrix,  the  latter  derived  from  graphitic  schist.  Some- 
times the  porphyry  is  charged  Avith  a  jumble  of  fragments. 

The  most  conspicuous  of  these  dikes  is  the  great  Texana  dike,  locally 
6(10  feet  in  thickness,  which  stands  out  on  the  wooded  hill  slope  as  a 
wall  ledge,  and  mav  be  seen  as  a  prominent  landmark  from  the  high 
summits  for  miles  around.  This  has  been  chosen  as  a  type  for  naming 
a  district  which  really  involves  all  of  the  exposed  llgonkian  area  east 
of  Spearfish  Canyon  containing  any  porphyry.  All  of  the  railway  sec- 
tions in  the  Bald  Mountain  mining  district  show  dikes  and  irregular 
intrusions  of  many  shapes  and  sizes  cutting  the  schist.  Several  of 
these  are  crossed  by  the  branch  railway  in  Gold  Run  Gulch,  between 
Deadwood  and  Lead.  A  ])ig  dike  forms  the  bottom  of  Whitcwood 
Canyon  just  above  Pluma  and  crops  out  on  both  sides  of  the  can3'on. 
This  dike  is  so  large  and  irregular  as  to  be  worthy  of  separate  mapping 
as  a  stock  (PI.  XIX).  It  is  complicated  with  another  crossing  it  at 
right  angles,  and  apparently  forks  to  the  southward  in  the  spur 
between  West  Strawberry  Creek  and  Whitewood  Creek.  One  of 
these  forks  may  be  seen  in  the  elbow  of  Grizzly  Gulch,  the  Avestern 
branch  of  West  Strawberry  Creek.     Another  dike,  readily  observed 

I  Loc.  (it.  J).  ■>(XI. 


U.  S.  GEOLOGICAL  SURVEY 


TWENTY-FIRST     ANNUAL    REPORT     PART  111     PL. XXX 


■^^  ^-— — -^    X 


-^..  w 


K^- 


CRETACEOUS 


LEGEND 
JUKATRIAS 


CARBONIFEROUS 


JURASSIC      TKIASSIC        PERMIAN 


Ml    SI 


Ul 


Benton  dark    Dakola  brown  Lower  Cretaceous  Sandstones     Red  mart  and      Minnekahta     Minnelusa  sandy  Cray  limestone   Ftorphyry  talus      Porphyry 
slialos        sandstones     sandstones, and  limestones.and      gypsum      piii-ple' limesione     limestone  ' 
shales  shales  and  lower  rod  marl 


(;K0L()GICAL  sketch  map  and  cross  section  of  BEAI?  BUTTE  AND  CIRCUS  FLATS 
BLACK  HILLS,  SOUTH  DAKOTA 


BY  TA.rAGGAR  JR. 

1900 

Horizontal  and  vertical  scale 


Contour  interval  100  feet 
Colored  portions  of  section  indicate  rooks  exposed 


JAGGAR.] 


DIKE.-j    OF    TERRY    DISTRICT. 


229 


on  the  line  of  the  Burlington  Railway,  is  seen  across 
the  creek  near  a  sharp  bend  half  a  mile  ahove  Dead- 
wood.  This  dike  (PI.  XXII)  is  very  unifoi-m  in  width 
and  parallel  with  the  Algonkian  liedding. 


A  section  from  southwest  to  northeast  through  the 
Homestake  and  Cakidonia  open  cuts  (fig.  87)  serves 
to  illustrate  the  frequency  and  thickness  of  dikes 
in  the  schist  area  that  Avere  conduits  for  westward- 
spreading  sills  and  laccoliths.  Here  the  schist  dips  to 
the  east  and  contains  much  quartz,  which  in  places  is 
distinctly  quartzite,  elsewhere  is  massive  quartz.  The 
schist  is  red  and  ferruginous  in  this  region,  but  tal- 
cose,  slaty,  or  graphitic  where  less  altered.  The  dik(\s 
average  35  to  40  feet  in  thickness.  Three  dikes  in 
the  Homestake  section  are  associated  with  breccias; 
in  one  case  on  the  foot  wall;  in  another  the  fragments 
of  schist  are  embedded  in  the  igneous  rock;  and  in 
the  third  case,  a  small  -i-foot  dike  high  up  on  the 
eastern  slope  of  the  main  cut,  a  breccia  6  inches  thick 
occurs  on  the  hanging  wall.  These  breccias  some- 
times contain  fragments  of  both  schist  and  porphyry, 
and  therefore  might  be  the  product  of  faulting  subse- 
quent to  intrusion.  In  other  cases  they  are  unques- 
tionably the  product  of  brecciation  concomitant  Avith 
intrusion. 
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Two  interesting  dikes  are  shown  in  PI.  XXXIH-, 
occurring  on  the  west  side  of  Whitetail  Gulch.  These 
are  of  fine-grained  white  rhyolitic  porphyry  cutting 
graphitic  schist.  In  both  cases  the  portion  next  to 
the  walls  is  columnar,  and  a  zone  in  the  middle  is 
massive  and  irregularly  jointed.  This  arrangement 
of  massive  medial  portion  and  columnar  boi-ders,  while 
not  invariable,  is  very  connnon.  The  explanation  of 
the  phenomenon  ])ears  on  important  questions  of  inter- 
pretation in  the  case  of  isolated  erosion  forms  like 
Mato  Teepee,  whose  origin  has  been  the  sul)ject  of 
controversy.  It  is  commonly  understood  that  colum- 
nar structure  is  the  product  of  contraction  in  a  solidi- 
fying mass,  comparal)le  to  similar  ])honomena  in  dry- 
ing starch  or  nuid.  Polygonal  cracking  of  a  dried 
clay  surfac(>  is  due  to  ditt'erential  contraction,  greater 
in  the  superficial  sun-heated  stratum  than  in  the  moister 
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depths.  The  upper  stratum,  forced  to  diminish  in  area  while  attached 
below  to  a  stratum  retaining  more  nearly  its  original  extent,  cracks 
uniformly  under  the  uniform  tensions  developed.  Polygonal  parting  is 
the  form  that  results  from  a  sort  of  natural  economy  of  plane  fractures. 

In  the  case  of  a  fissure  filled  with  molten  lava  the  walls  act  as  cool- 
ing surfaces,  and  the  first  solidification  takes  place  in  that  portion  of 
the  viscous  mass  which  is  in  contact  with  those  walls.  This  initial 
congelation  is  very  rapid,  producing  a  glass}'  selvage  of  lower  specific 
gravity  and  consequently  less  subject  to  contraction  than  the  cr3'stal- 
line  forms  of  the  rock;  from  the  border  inward  crystallization  goes 
on  thereafter  more  slowly.  Contraction  will  show  its  eifects,  as  in 
the  case  of  mud  cracks,  only  in  those  directions  where  linear  short- 
ening is  impeded  by  attachment  to  a  surface  tending  to  maintain  its 
original  areal  extent.  Such  a  suiface  is  furnished  ]\y  the  dike  walls 
when  firmly  cemented  to  the  magma  by  the  selvage.  In  any  direction 
parallel  to  the  walls,  contraction  being  impeded  by  the  failure  of  the 
attached  wall  surface  to  shrink  with  the  rest  of  the  material,  parting 
planes  are  developed  as  the  magma  solidifies,  these  planes  naturally 
lying  normal  to  the  tension  that  acts  paiallel  with  the  walls.  Thus, 
polygonal  bodies  with  faces  at  right  angles  to  tlie  dike  walls  are 
formed  from  the  walls  inward  as  solidification  proceeds.  If  a  loose, 
porous,  muddy  l)reccia  forms  the  Avails,  offering  no  rigid  surface  of 
attachment  for  the  siliceous  glass,  contraction  will  not  be  impeded  by 
the  surface  of  attachment  and  regular  columns  will  not  form. 

The  size  of  polygonal  coluums  is  in  some  way  a  function  of  the 
extent  and  thickness  of  the  intrusive  body  as  a  whole.  The  thickness 
of  a  dike  or  a  sill  and  the  size  of  the  conduit  probably  have  some  influ- 
ence on  the  length  of  the  columns,  for  in  some  cases  these  will  con- 
timie  across  the  body  from  wall  to  wall.  In  other  cases  they  extend 
into  the  dike  for  a  foot  or  more,  and  are  there  replaced  by  a  massive 
middle  portion.  The  dynamic  significance  of  this  massive  medial  zone 
is  probal)!}'  somewhat  as  follows:  The  columnar  parting  being  depend- 
ent upon  differential  shrinking  of  crystallizing  magma  relative  to 
glassy  selvage,  the  tendency  to  produce  parting  normal  to  the  walls 
becomes  less  in  the  interior  portions  of  a  dike.  As  actual  shrinkage 
is  equal  in  all  directions,  as  soon  as  the  rock  has  solidified  to  such  a 
distance  from  the  wall  that  the  drag  of  the  latter  is  less  felt,  those 
components  which  act  crosswise,  as  well  as  the  lengthwise  ones,  begin 
to  take  effect.  The  first  result  will  be  recorded  by  curvature  in  the 
inner  prolongations  of  columns  already  formed.  Farther  inward,  in 
the  heart  of  the  dike,  the  drag  ceases  to  have  any  effect  and  contrac- 
tion takes  place  equallv  in  all  directions,  producing  irregular  joints. 
If  in  this  last  stage  fluid  magma  is  still  present  in  the  region  of  the 
conduit  or  the  depths,  contraction  may  be  compensated  by  movements 
in  this  magma,  so  that  no  parting  is  required.    Good  columns  are  seen 
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at  the  head  of  the  northern  open  cut  at  Terra,  in  the  great  headland 
capped  by  a  laccolithic  mass  which  projects  from  Dome  ]Moiintain 
into  Two  Bit  Valley,  in  the  Needles,  and  in  Mato  Teepee,  hereafter  to 
be  described. 


The  dikes  of  the  Homestake  open  cut  illustrate  the  great  profusion 
of  porphyry-tilled  crevices  in  the  Algonkian  (tig.  87).  An  interesting 
featui-e  of  the  upper  portion  of  the  main  open  cut  at  Lead  is  the  curva- 
ture of  these  dikes  into  sills  in  the  Cambrian  (tig.  72).  A  dike  in  the 
Caledonia  open  cut  illustrates  the  formation  of  small  columns  on  the 
walls.  The  occurrence  of  so  man}-  dikes  and  stocks  in  the  small  area 
of  Algonkian  schists  exposed  by  erosion  gives  ample  evidence  of  the 
mode  of  intrusion  by  which  the  porphyry  reached  the  base  of  the 
Paleozoic  series.  There  is,  obviously,  an  equal  number  of  dikes  under 
any  of  the  greater  laccolithic  masses,  just  as  there  is  here  ample 
evidence  from  the  porphyry  hill  caps  that  laccolithic  masses  once 
extended  over  the  area  now  occupied  l)v  dikes.  There  is  no  reason 
for  supposing  that  independent  laccolithic  masses  have  single  shaftlike 
conduits  or  ''necks.*' 


Sills  occur  in  False  Bottom  Creek  ])elow  Garden,  in  Squaw  Creek, 
and  in  Annie  Creek,  showing  phenomena  similar  in  all  respects  to 
those  of  Two  Bit  Valley  (p.  207).  In  the  case  of  the  sill  conspicuous 
under  the  clitf  north  of  Garden,  truncation  of  Cambrian  beds  from 
southwest  to  northeast  is  shown  at  a  very  oblique  angle,  so  that  it  is 
only  by  very  close  inspection  that  the  departure  of  the  plane  of  intru- 
sion from  that  of  ])edding  may  be  detected.  Similar  oblicjue  trunca- 
tion of  bedding  is  shown  in  Squaw  Creek,  where  the  porphyry  lenses 
reach  a  thickness  of  50  feet  in  places,  more  than  the  height  of  spruce 
trees  growing  on  a  Cambrian  bench  below.  These  are  in  part  the 
westeiii  extension  of  thicker  jjorphyiy  masses  at  the  h(>ad  of  Scjuaw 
Creek. 

COMlilNATKiN    OF    SM.I.S    AM>    I.ACCOLrrilS. 

The  porpliyries  in  the  schist  area.  rei)resenting  laccolithic  remnants, 
form  domelike  mountains  which  at  first  sight  give  the  impression  that 
the  topographic  domes  are  structural  on(\s.  Bald  Mountain  and  Sheep 
Mountain  are  typ(>s  of  this,  the  dome  shape  being  due  to  uniformly 
graded  slopes  on  a  hill  made  up  of  approximately  horizontal  sills  and 
Cambrian  strata,  with  a  thickei-  remnant  cap  of  porphyry  forming  a 
rounded  talus  of  coarse  1)locks  (••  Fcdsenmeer")  upon  the  summit.  In 
PI.  XXXV,  looking  southwest  from  Polo  Mountain  toward  Teriy 
Peak,  the  schist  area  is  seen  to  be  an  old  lowland,  Sheep  Mountain 
on  the  left  and  Polo  Peak  in  (he  foreground  icpresenting  the  base  of 
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the  northern  sedimentary  rim  of  the  Black  Hills,  thickened  bj'  por- 
phyry. The  straight  diyide  seen  in  the  middle  distance  is  a  mass  of 
Tertiar}^  and  Pleistocene  deposits 
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Of  the  mountains  made  up  of  sills  below,  w  itli  a  laecolithic  rem- 
nant for  cap.  Terry  Peak  may  be  considered  the  type.  None  of  these 
mountahis  can  l)e  called  typical  laccoliths,  because  the  evidence  for 


Fig.  89.— Irregular  intrusions,  north  slope  of  Terry  Peak. 


their  laecolithic  structure  based  on  flanking  beds  is  almost  inyariably 
wanting  by  reason  of  deep  erosion.  A  spur  of  the  Terry  Peak  mass 
at  the  head  of  Raspberry  Gulch  retains  a  small  remnant  of  Carbon- 
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iferou.s  limestone  changing  to  the  slope,  which 
may  indicate  a  former  upper  contact.  The  upper 
300  feet  of  Terr}-  Peak  is  of  porphyrj'.  Dikes, 
sills,  and  thick  lenses  of  irregular  form  in  Cam- 
brian beds  make  up  the  rest  of  the  mountain. 

The  railroad  cuts  and  mines  show  many  details 
of  this  structure.  On  the  Burlington  Railroad, 
near  Aztec,  a  contact  is  shown  with  (|uartz- 
porphyry  on  the  south  and  Cambrian  shales 
and  flagstones  on  the  north,  the  contact  curving 
from  a  wavy  vertical  line  to  a  nearly  horizontal 
one. 

In  the  thick  green  shales  at  Portland  por- 
phyry intrusions  of  quite  irregular  form  out- 
crop in  a  railway  trench,  some  of  these  masses 
being  almost  elliptical  in  ci'oss  section  and  match- 
ing on  opposite  sides  of  the  cut.  Apparent!}' 
the  igneous  material  pushed  its  wa}^  through 
the  shales  in  serpentine  masses,  like  thickened 
lava  on  the  slopes  of  a  volcano,  and  such  occur- 
rences suggest  stronglv  that  the  porphyry  was 
very  viscous  at  the  time  of  its  intrusion.  The 
phenomenon  is  quite  similar  to  that  shown  in 
ExiDcriment  I  (fig.  101,  p.  295),  where  the  injected 
plaster  spread  irregularl}'  in  a  layer  of  incoher- 
ent coal  dust.  Cases  like  this  at  Portland  show 
that  the  shales,  even  when  deeplv  buried  under 
a  sedimentary  cover,  offer  as  little  resistance  to 
the  spread  of  an  intrusive  as  they  do  to  the 
action  of  the  weather  when  exposed.  They  are 
inherently  soft,  whether  subjected  to  superficial 
or  subterranean  tests.  An  illustration  of  this  is 
shown  at  the  bend  of  the  railway  east  of  White- 
tail  Gulch.  Looking  north  in  the  cut  (fig.  88), 
one  sees  that  a  dark-gray  igneous  rock  with 
good  vertical  joints  and  very  perfect  horizontal 
lamellar  parting  has  crumpled  and  distorted  the 
shales.  At  the  contact  the  cleavage  in  the  por- 
phyry ]>ends  to  a  west  dip,  parallel  to  tht^  surface 
of  deformation.  In  places  the  igneous  contact 
followed  curves  of  the  defornu^d  shale  bedding, 
strongly  suggesting  extreme  viscosity  in  the  fluid 
at  the  time  of  its  injection,  and  reluctance  to 
follow  any  ])ut  the  major  stratification  parting 
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planes.     Occa-sioiuilly  it  cuts  these  irreyuliirly.  as  shown  at  the  left  of 
the  figure. 

Such  irregular  contacts  are  not  confined  to  shales.  Along  the  rail- 
road on  the  northern  slope  of  Terrv  Peak  a  dark-green  phonolitic 
eruptive  cuts  across  massively  bedded  red  Scolithus  sandstone,  and  here 
there  is  some  appearance  of  violence  (fig.  89).  Fragments  of  tho  sand- 
stone are  embedded  in  the  intrusive,  and  the  strata  are  indurated  and 
metamorphosed,  with  development  of  amorphous  silica.  There  is  no 
evidence  here  of  the  presence  of  a  very  large  mass  of  this  porphyry, 
as  shown  by  a  long  exposure  of  its  irregular  upper  contact  (fig.  DO), 
where  the  Scolithus  sandstone  is  indurated  to  massive  (piartzite  and 
adjacent  cuts  along  the  road  are  wholly  in  the  igneous  rock. 


Bald  Mountain,  a  high  northern  spur  of  the  Deer  Mountain  Range, 
is  similar  in  structure  to  Terry  Peak,  l)ut  the  Cambrian  l)eds  exposed 
are  stratigraphically  lower.  At  its  base  in  Nevada  (iulch,  on  the 
soHthern  side,  dikes  complicated  with  faults  in  schist  reach  the  Cam- 
brian, which  appears  to  have  been  shattered  and  shot  through  with 
igneous  rock  in  every  direction  (.see  fig.  03,  p.  ISS).  A  coarse  breccia 
occurs  on  the  high  eastern  .*!pur  of  the  mountain.  The  Fremont  Kail- 
road  .section  on  the  .south  side  shows  at  one  point  a  ;^-foot  dike  entering 
a  sill  which  forms  with  it  a  T,  like  the  conduit  of  the  ideal  laccolith. 
The  sill  is  double  and  its  upper  member  makes  a  very  characteristic 
upward  o])lique  bend  into  higher  strata,  and  there  comes  to  an  abrupt 
end  (PI.  XXXI\').  In  another  section  a  narrow  dike  cuts  massivelj^ 
jointed  porphyry.  In  a  thii-d  cas(>  a  thick  dike  with  eastward  dipping 
walls  and  rough  colunuiar  joints  has  a  smaller  mate  that  curves  like  an 
arch  through  the  Cambrian  shaly  limestones  to'  unite  with  it  above. 
The  .same  railroad,  on  the  northeastern  side  of  the  mountain,  shows 
many  equally  various  contacts  of  porphyry  and  schist.  Bald  Moimtain 
is  capped  with  a  thick  remnant  of  i)honolitic  porphvry. 

SIIEKI-    .MOINIAIN. 

Probably  the  most  deceptive  of  the  sill-laccolith  mountains  involving 
Cam])rian  strata  is  Sheep  Mountain,  sometimes  appropriately  called 
"Roundtop'"  (PI.  XXXV).  Topographically  of  wonderful  dome 
shape,  Avith  the  headwaters  of  Polo  Creek  encircling  its  base,  this 
mountain  would  at  first  sight  .seem  to  the  geologist  to  be  an  ideal 
laccolith.  In  this  he  is  disappointed,  however,  Avhen  he  examines  the 
mountain  in  detail.  The  structure  is  so  masked  by  talus  that  it  is 
not  dearly  decipherable,  but  the  greater  pai't  of  the  evidence  points 
to  a  structure  like  that  of  Bald  ]Mountain  and  Terry  Peak,  with  some 


JAGGAR.J  SHEEP    MOFNTAIN.  235 

additional  features  similar  to  the  unsynmietrical  Whitewood  Canyon 
and  Deadnian  laccoliths. 

Sheep  Mountain  rises  in  the  midst  of  the  extensive  northern  por- 
phj'ry  area  of  the  Terrj'-Polo  complex,  2  miles  northwest  of  Deadwood 
(PL  XIX).  On  the  crest  of  the  ridge  west  of  Sheep  Mountain  the 
Scolithus  quartzite,  characteristic  of  the  top  of  the  Cambrian,  dips 
gently  away  from  the  mountain.  On  the  south  slope  of  Polo  Peak, 
to  the  north,  the  same  quartzite  dips  65°  southwesterly  and  overlies 
Cambrian  limestone  breccia  and  beds  of  calcareous  and  glauconitic 
sandstone.  This  dip  is  that  of  a  bed  upturned  by  the  Polo  Mountain 
porphyries.  Rhyolite  talus  fills  the  hollows  between  Polo  and  Sheep 
mountains,  but  on  such  slopes  the  underlying  bed  rock  is  invarial)ly 
masked.  On  the  eastern  slope  of  Sheep  Mountain  Scolithus  quartzite. 
dii^ping  eastward,  overlies  40  feet  of  Cambrian  beds,  and  in  a  small 
prospect  hole  the  green  shales,  which  are  beds  stratigraphically  next 
above  the  quartzite,  are  seen  to  be  cut  across  by  coarse  quartz-por- 
phyry. On  the  southwestern  spur  of  the  mountain  (fig.  91)  this 
Scolithus  quartzite  dips  S.  20°  W.  at  an  angle  of  50°,  but  a  few  feet 
higher  on  the  slope  the  Ijnml  mixhtoue  of  the  Cambrian  occurs,  with 


fo&sils  and  peb))les,  of  entirely  different  aspect  from  the  upper  (juartz- 
ite.  This  basal  member  may  be  traced  around  the  mountain  at  about 
the  5,500-foot  level,  outcropping  at  six  different  points.  On  the 
west  slope  are  intermediate  Cambrian  beds  dipping  southwesterly, 
showing  1)recciation  and  bending  to  a  horizontal  position.  At  one 
point  west  of  the  summit  a  fine-grained  rhyolite  was  obsei-ved  bi-eak- 
ing  upward  and  westward  across  glaui-onitic  sandy  beds,  while  the 
same  beds  were  seen  overlain  by  similar  i)()rphyry.  The  summit  of  the 
mountain  is  a  green  (juartz-ivgirine-porphy  ry.  which  seems  to  grade  into 
a  coarse  white  (juai'tz-porphyry  to  the  east  and  southeast.  On  the 
south  side  of  the  sununit  fine-grained  i-hyolite  outcrops  under  the  basal 
Obolus  sandstone,  and  a  shaft  40  feet  deep  on  the  slope  above  is  cut  in 
the  green  a>gii-ine-porphyry  to  the  Obolus  sandstone  beneath.  These 
relations  will  be  best  understood  by  reference  to  fig.  i)l.  The  upturned 
Scolithus  quailzite  on  the  south,  and  the  basal  Obolus  sandstone  above 
forming  a  stratum  beneath  the  porphyry  cap,  may  imply  a  fault  conduit 
on  the  .south  sidt>,as  in  the  "Whitewood  Canyon  laccolith  (Section  B-C, 
PI.  XXI);  otherwise,  tli(>  mountain  contains  Cambrian  and  rhyolitic 
porphvries  below  and  an  a'girine-porphvrv  cap.  and  resembles  Terrv 
Peak." 
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I.ACCOLITHS. 

True  laccoliths  in  the  Teny  district,  bearinj''  to  the  sills  and  dikes 
below  the  same  relation  as  that  observed  in  the  Deadwood  district,  are 
represented  b}^  Deer  Mountain,  Polo  Peak,  Spearfish  Peak,  Ragged 
Top.  Citadel  Rock,  and  Crow  Peak.  The  masses  originally  laccolithic, 
but  deeply  eroded,  are  Custer  Peak,  Woodville  Hills,  Sugarloaf, 
Fole\'  and  Elk  mounttiins,  Little  Crow  Peak,  and  thick  porphyry 
bodies  north  of  Blacktail  Gulch,  at  Carbonate,  Lead,  and  at  the  head 
of  Scjuaw  Creek.  Porphyry  is  revealed  by  the  erosion  of  Spcartish 
Creek  in  its  deep  canyon  at  the  mouth  of  Annie  and  Rubicon  creeks 
and  above  the  mouth  of  Squaw  Creek;  these  occurrences  may  be  sills 
or  laccoliths. 

DKEK    MOINTMS'     AM)    \Vl )( )I)V  I  l.l.K    llll.l.S. 

L)e(M'  Mountain  ])n\sorvi's  nuich  more  perfect  evidence  of  its  lacco- 
lithic diai'acter  than  does  Terry  Peak.  The  whole  group  of  peaks 
was  known  as  the  "Deer  Mountains"  by  the  Newton  survey,  and  was 
described  as  follows: 

Terry  Peak  is  the  crowning  jxiint  of  an  igneous  region  of  considerable  extent, 
having  a  niaximum  develoi)nient  in  a  nortli west  and  southeast  direction.  *  *  * 
The  peak  stands  iii)on  the  edge  of  the  plateau.  The  Potsdam  is  extensively  devel- 
oped on  its  eastern  side,  and  with  it  are  occasionally  outliers  of  the  Carboniferous. 
Its  sharply  pointed  suniinit  is  the  most  conspicuous  landmark  in  the  northern  region 
of  the  Hills,  and  is  visil)le  from  the  plains  far  to  the  north  and  east.  *  *  *  The 
igneous  group  or  range  of  which  Terry  is  the  highest  point  begins  about  3  miles 
to  the  southeast,  in  a  cluster  of  peaks  called  the  Deer  Mountains,  and  there  is  a 
nearly  or  perhaps  (juite  continuous  chain  of  trachytic  and  rhyolitic  outcrops  all  the 
way  to  Terry.     The  same  line  continues  northward  for  a  few  miles  y)eyond  Terry. 

The  disturljance  of  the  sedimentary  strata  is  exceedingly  local.  *  *  *  The 
sides  of  the  ridge  and  of  the  peak  are  for  the  most  part  covered  by  a  talus  of  angular 
and  slippery  fragments  of  rock  (porphyry).  On  the  summit  of  the  peak  the 
rock  is  well  expo.sed,  and  three  or  four  ridges  of  outcrop  appear  to  radiate  a  few 
hundred  feet  from  the  central  crest,  while  between  them  the  slopes  are  composed  of 
weathered  fragments.  *  *  *  The  igneous  rocks  of  this  region  are  varied  in  their 
appearance  and  texture.' 

Deer  Mountain  is  the  southern  rounded  peak  of  the  range  and  is  a 
laccolith.  The  headwaters  of  Whitetail  Gulch  cut  deep  into  the 
porph^iy  of  its  eastern  slope.  The  greater  mass  of  the  Deer  ]Moiui- 
tain  laccolith  is  exposed  on  the  south  and  east  slopes  of  the  mountain, 
and  monoclinal  ridges  or  revet  hills  of  limestone  rest  against  the 
pQi'phyry  dome  and  dip  awa}'  from  it  southwest,  south,  southeast,  and 
east.  Gulches  along  the  contact  of  porphyry  and  sediments  form  a 
semicircular  depression  around  the  southern  side  of  themoimtain  from 
Whitetail  Gulch   to   Raspberry  Gulch,  occupied  by   small   streams, 

1  Newton  and  .Jenney,  op.  cit.,  ]i.  193. 
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uniting  in  pairs  to  form  larger  radial  valleys  in  the  limestone  cover. 
At  the  head  of  Icebox  Gulch  and  the  next  gulch  to  the  east  this  kind 
of  drainage  is  most  perfectly  shown.  East  of  Deer  Mountain,  one- 
quarter  of  a  mile  south  of  the  bend  of  the  Burlington  Railroad  in 
Whitetail  Gulch,  a  remnant  of  the  limestone  cover  of  the  laccolith 
caps  a  small  conical  hill.  The  exposed  laccolith  is  about  2  miles  in 
diameter,  but  it  is  irregularly  prolonged  northward  to  the  vicinity'  of 
Stewart  Gulch,  where  it  becomes  complicated  with  the  eruptives  of 
Terry  Peak  and  Sugarloaf  Mountain.  Deer  Mountain  is  the  principal 
igneous  body  of  the  range.  Its  northwestern  thin  edge  is  repre- 
sented by  sills  in  Cambrian  at  the  head  of  Raspberry  Creek.  The 
horizon  of  intrusion  is  Cambrian,  100  feet  of  limestone  flags  and  sand- 
stones forming  a  cap  to  the  mountain  and  extending  down  its  northern 
slope  to  the  complex  of  sills  in  the  next  peak  to  the  north.  This  Cam- 
brian cap  contains  a  porphyry  sill  near  the  summit  of  Deer  Mountain. 
No  such  thickness  of  Cambrian  is  exposed  above  the  porphyry  on  the 
southern  flanks  of  the  mountain.  The  contacts  are  there  either 
directly  with  the  limestone  or  about  the  horizon  of  green  shales  at  the 
upper  limit  of  the  Cambrian.  The  rock  is  in  places  a  green  phonolite- 
porphyry;  elsewhere  it  is  a  quartz-bearing  rhyolite-porphyry,  some- 
times very  coarse.  To  the  eastward  the  green  phonolite  extends 
into  flat  masses,  capping  hills  about  Englewood.  Northeast  rhyolite- 
porphyries  in  considerable  masses  occur  on  the  hills  about  Sugarloaf 
Mountain,  which  is  itself  a  laccolithic  renmant  exposing  250  feet  of 
porphyry  in  the  lowest  Cambrian  beds.  Two  miles  east-southeast 
from  Deer  Mountain,  across  Whitewood  (.'reek,  the  Woodville  Hills 
expose  a  residual  mass  of  rhyolite-porphyry  1^  miles  in  diameter 
and  over  400  feet  thick  in  places,  resting  across  Cambrian  strata  from 
lower  beds  on  the  north  to  higher  ones  on  the  south,  where  the 
porphyry  almost  reaches  the  limestones,  but  erosion  has  removed  all 
flanking  strata. 

The  Deer  Mountain  laccolith  and  the  Woodville  Hills  were  masses 
of  intrusive  rock  thickened  under  the  great  limestone  and  bending  it 
on  their  southwest  sides,  while  their  conduits  probably  lay  farther 
northeast,  and  their  basement  contact  is  an  ol)ii(|ue  truncation  of  Cam- 
brian strata  upward  fronv  northeast  to  southwest.  A  section  through 
them  in  this  direction,  then,  would  show  nuich  the  same  structure  as 
that  represented  in  the  section  through  Dome  Mountain  in  Two-Bit 
(PI.  XXI,  D-E),  but  in  the  opposite  direction.  Deer  Mountain  lu'ars  a 
similar  relation,  in  position  and  distance,  to  the  schist  area  of  cuiuhiits 
and  a  Cambrian  area  of  sills.  Subordinate  laccoliths  are  wanting  to 
the  Deer  Mountain  mass,  probably  because  the  flat-lying  limestones  of 
the  plateau  to  the  southwest  opposed  no  initial  bends,  which  would 
compel  the  spreading  intrusive  to  break  upward.  Or  possibly  former 
suljordinate  laccoliths  are  now  entirely  removed  l)y  erosion.  Ragged 
21  (iix)i.,  vr  :',  -01 17 
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Top  and  Elk  Mountain,  a  few  miles  to  the  northwest,  are  examples 
of  such  laccoliths  subordinate  to  the  upper  Squaw  Creek  porphj'ries. 

CfSTER    PEAK. 

Custer  Peak  was  described  by  Newton  as  standing  "at  the  eastern 
margin  of  the  Carboniferous  plateau"  and  very  little  higher  than  the 
neighboring  edge  of  the  plateau.  It  lies  8  miles  nearly  due  south  of 
Deadwood,  and  from  its  slopes  the  headwaters  of  Elk,  Box  Elder,  and 
Kapid  creeks  drain,  respectively,  north,  east,  and  south.  "It  is  a 
symmetrical,  conical  mass,  and  is  a  prominent  landmark  in  the  north- 
ern region  of  the  Hills."  Its  altitude  above  sea  level  is  0,812  feet, 
and  it  rises  from  800  to  1,000  feet  above  the  valley  of  Elk  Creek  at  its 
base  on  the  north  side. 

The  slope  of  the  sides  show  only  a  loose  mass  of  angular  fragments.  *  *  *  On 
the  extreme  summit  the  rock  is  exposed  in  a  Y-shaped  ridge,  with  the  stem  of  the 
letter  bearing  north  35°  west.  The  rock  has  so  perfect  a  vertical  cleavage,  following 
approximately  the  bearing  of  the  ridge,  that  it  might  readily  be  taken  for  a  bedded 
deposit,  and  in  its  close  texture,  uniformity,  and  color  it  so  closely  resembles  tl>e 
limestone  of  the  Carboniferous  that  it  might  almost  l)e  so  mistaken  on  a  superficial 
examination.  *  *  *  It  is  a  rhyolite  of  a  light-bluish  gray  color,  and  a  fine-grained 
and  uniform  structure,  containing  occasional  crystals  of  sanidin  and  bright  black  hex- 
agonal tables  of  biotite.  To  the  east  and  northeast  of  Custer,  and  within  a  short 
distance,  are  two  small  j)eaks  which  appear  to  consist  of  igneous  rock.  *  *  *  The 
margin  of  the  plateau  west  of  Custer  Peak  is  exceedingly  broken,  and  the  composing 
rocks  are  not  well  exposed.  A  mile  or  so  directly  south,  however,  outliers  of  the 
Carboniferous  limestone  were  seen  in  their  horizontal  position,  occupying  the  summits 
of  conspicuous  bluffs,  and  immediately  west  of  the  peak,  within  a  short  distance  of 
its  base,  are  small  fragmentary  outcrops  of  the  Carboniferous,  undisturbed  and 
unchanged.  Ea.«t  of  the  peak  and  within  half  a  mile  of  its  base  there  are  outcrops 
of  the  Potsdam  [Middle  Cambrian]  along  the  headwaters  of  Box  Elder  Creek,  show- 
ing the  usual  character  of  the  formation,  lying  nearly  horizontal,  and,  so  far  as 
observed,  entirely  unaffecte<l  by  jiroximity  to  the  igneous  peak.' 

Structurally  Custer  Peak  is  like  the  Woodville  Hills.  It  is  a  mass 
of  tine-grained  rhyolite-porphyry.  about  2  miles  in  diameter,  resting 
across  Cambrian  strata  (PI.  XIX).  A  small  remnant  of  Carl>oniferous 
limestone,  with  down-curving  dip  northwesterly  from  5^  to  4:5^  over 
Cambrian  beds,  persists  in  a  synclinal  depression  northwest  of  the 
mountain,  and  similar  limestone  outcrops  are  visible  from  the  summit 
southward.  Outliers  of  porphyry  resting  on  basal  Cambrian  beds  or 
directly  on  the  schists  cap  the  hills  to  the  northward.  The  central 
peak  is  surrounded  bv  a  rude  circle  of  lower  porphyry  peaks;  the  same 
is  true  of  the  Woodville  Hills.  An  elongate  porphyry  ridge  northeast 
of  Custer  Peak  appears  to  ])e  a  dike,  with  the  usual  northwest  trend 
parallel  to  the  Algonkian  schistosity.  Two  and  one-half  miles  north 
of  Custer  Peak  similar  porphyry'  caps  all  the  hills  from  Woodville  to 
Strawberry  Ridge,  a  distance  of  3  miles  northeastward,  and  these  cap- 
pings  are  continuous  into  the  Woodville  Hills  on  the  southeast. 

1  Newton  and  Jenney,  op.  eit.,  p.  192. 
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It  is  apparent  that  the  lower  beds  of  the  Cambrian  were  invaded  by 
a  mass  of  the  fine  white  rhyolito  over  a  very  large  area  now  laid  bare 
down  to  the  schist  by  the  erosion  of  Bear  Butte  and  Elk  creeks.  A 
hill  one-half  mile  north  of  Brownville  retains  a  Carboniferous  lime- 
stone remnant  dipping  northeast  over  porphyry.  Similar  porphyry, 
and  porphyry  breccias,  cap  the  adjacent  hills  at  a  distance  from  Custer 
Peak  of  2i  miles.  The  sj^nclines  which  separate  Custer  Peak  from  the 
Woodville  Hills  and  the  latter  from  Deer  Mountain  afford  good  evi- 
dence, in  addition  to  physiographic  proofs  (see  pp.  274,  276),  that  these 
three  laccoliths  were  distinct,  independent  dome  swellings  under  the 
great  limestone,  but  the  first  two  were  also  connected  with  a  great 
mass  of  porphyry  filling  an  anticlinal  arch  between  Brownsville  and 
Kirk  and  extending  thence  southeast  for  some  distance.  A  chain  of 
large  dikes  that  were  the  conduits  of  this  mass  may  be  traced  north- 
ward from  south  of  Elk  Creek,  through  West  Strawberry,  Whitewood 
(Pluma),  Cold  Run,  and  Deadwood  creeks,  to  the  mouth  of  Blacktail 
Gulch,  where  an  immense  dike  is  seen  to  bend  upward  into  the  thick 
porphyry  mass  that  caps  the  ridge. 

POLO    AND    SPEARFISH    PEAKS. 

The  igneous  masses  extending  from  the  greater  Terry  Peak  and 
Deer  Mountain  laccoliths  to  the  northeast  reach  their  greatest  develop- 
ment in  Polo  Mountain  3  miles  northwest  of  Deadwood.  From  Black- 
tail  Gulch  north  the  hills  are  covered  with  porphyry,  and  the 
northward-flowing  creeks  have  cut  gullies  through  the  igneous  rock 
to  Cauil)rian  beds  beneath.  Along  the  divide  at  the  head  of  Polo  Gulch. 
Tertiary  and  Pleistocene  clays  and  gravels  occur  in  large  masses,  in 
part  concealing  the  bed  rock.  In  Sheep  Mountain  a  complication  of 
Cambrian  and  porphyry  occurs  as  descril)ed.  North  of  Sheep  Moun- 
tain, Polo  IVak  rises  to  a  height  of  5,4(tO  feet,  and  there  is  another 
smnmit  north  of  it.  Cambrian  beds  dip  away  on  the  southwest  flank 
of  Polo  Peak,  and  occur  under  the  porphyry  in  Miller  Creek  on  the 
west,  while  on  the  east  and  southeast  the  limestones  dip  away  from 
the  irregular  porphyry  body,  which,  as  a  whole,  was  intruded  in 
the  shales  beneath  the  Silurian.  The  intrusive  of  the  northern  peak, 
however,  ])reaks  ata-oss  the  limi>stone  into  Minnelusa  beds,  and  the 
same  is  true  of  Spearfish  l*eak,  4  miles  to  the  west. 

The  interstream  ridges  between  Speartish  and  Polo  peaks  are  capped 
with  porphyry,  in  part  intrusive  into  the  C'arboniferous  limestone  and 
in  part  below  it.  The  rock  of  Spearflsh  Peak  is  ])eculiar  and  was  recog- 
nized by  Caswell  in  Newton's  report  as  a  phonolite.  It  is  probable  that 
igneous  bodies  from  west  of  Spearfish  Canyon  to  Whitewood  Gulch 
were  contiiuious  prior  to  the  erosion  that  has  separated  them  into 
cappings  and  north-dipping  lenticular  bodies  in  the  several  ridges. 

Ihe  relation  of  Polo  Peak  as  a  laccolith  to  the  greater  masses  that 
were  probably  once  continuous  northeast  from  Terry  Peak  is  similar 
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to  that  of  the  eastern  portions  of  the  Yanocker  laccolith;  the  greatest 
difference  lies  in  the  fact  that  over  the  Polo  laccolith  the  limestone,  only 
100  feet  thick  (PI.  XIX),  was  readily  flexed  upward  as  compared  with 
the  thick  limestones  of  the  Aicinity  of  Riankel.  Westward  to  Spear- 
fish  Peak  the  diminution  of  porphj'ries  accompanies  thickening  of 
limestone.  Eastward  to  Whitewood  Can3'on  the  Polo  Mountain  igne- 
ous masses  thin  to  a  single  sill  in  the  gulch  opposite  the  smelter  at 
Deadwood.  East  and  west,  isolated  subordinate  laccoliths  have  broken 
across  the  limestone,  but  the  region  from  Deer  Mountain  to  the  northern 
extremitj'^  of  Polo  Mountain  was  the  site  of  maximum  irruption,  and 
igneous  fluids  there  filled  the  arch  of  a  very  large  irregular  anticline 
having  an  axis  of  north-south  trend. 

SUBORDINATE   LACCiOLITHS. 

With  the  exception  of  Ragged  Top,  laccoliths  demonstrably  subordi- 
nate to  the  greater  Terry-Polo  masses,  in  the  sense  of  being  distinct 
offshoots,  are  wanting.  The  Whitewood  Canyon  laccolith,  already 
described,  is  probabl}'  as  closely  connected  with  Polo  Peak  as  with  the 


;im(h  silk'  of  Ragged  Top  Mountain  (Irving). 


Two  Bit  eruptives.  Crow  Peak  and  Citadel  Rock,  4  to  5  miles  west 
of  the  mouth  of  Spearfish  Canyon,  and  hence  west  of  the  greater 
sj'^ncline,  are  as  much  related  to  the  Iron  Creek  and  Cement  Ridge 
porphyries  as  to  those  of  the  Terry  district. 


TOP    MOUNTAIN. 


Ragged  Top  is  a  steep  laccolithic  mountain,  three-quarters  of  a  mile 
long  by  one-half  mile  wide,  its  greatest  length  trending  east  and  west, 
and  its  form  a  crescent  with  horns  turned  southward.  It  is  about 
3  miles  west  of  Bald  Mountain,  and  is  surrounded  by  flat  limestones. 
It  has  been  figured  (fig.  92)  and  described  by  Irving  as  follows: 

A  little  to  the  north  of  west  and  about  1  mile  distant  from  Crown  Hill,  the  low 
dome-like  mass  of  Ragged  Top  Mountain  rises  some  400  feet  above  the  level  table- 
land of  the  Carboniferous  plateau.  It  rises  between  the  two  confluent  gulches  (jf 
Calamity  and  Jackass  creeks,  the  former  shallow  along  the  upper  part  of  its  course 
but  becoming  precipitous  as  it  rounds  the  western  end  of  the  mountain.  Here  it 
unites  with  the  more  deeply  carved  gulch  of  Jackass  Creek.  Thence  the  two  pass 
together  between  almost  perpendicular  walls  of  limestone  into  Spearfish  Canyon. 
*  *  *  In  going  upward  from  the  west,  north,  or  east  [ascending  the  mountain] 
one  passes  over  gently  slojjing  strata  of  Carboniferous  limestone  which  have  an 
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increasingly  steep  dip  until  within  250  feet  of  tiie  summit.  A  rounded  bluff  of  phono- 
lite  is  then  encountered,  over  whose  crest  one  may  readily  climb  and  proceed  up  a 
decreasingly  steep  rise  to  the  flat  top  of  the  hill.  From  this  point  the  mass  presents 
a  somewhat  unique  topographic  appearance,  for  it  comprises  two  almost  distinct 
roughly  triangular  mas.ses  of  phonolite.  *  *  *  From  both  of  these  masses  incurv- 
ing tongues  of  phonolite  run  out  to  the  south,  circling  toward  one  another  so  as  to 
include  and  almost  surround  a  large  southwardly  inclined  amjjhitheater.  *  *  * 
If  one  crosses  Calamity  Creek  to  the  top  of  tlie  limestone  bench  [at  the  west  end  of 
the  mountain]  the  slight,  almost  imperceptible  westward  dip  of  the  limestone  may 
be  seen  to  greatly  increase  as  the  phonolite  is  approached,  until  at  the  foot  of  the 
bluff,  or  about  20  feet  distant  therefrom,  it  has  attained  an  angle  of  51°.^ 

This  is  well  illustrated  in  fig.  92.  At  numerous  points  about  the 
mountain  Cambrian  shales  are  exposed,  showing  that  the  horizon  of 
intrusion  is  the  usual  one,  but  so  abrupt  is  the  upward  puncture  made 
b}^  the  porphyry  that  it  appears  at  a  distance  like  a  neck  or  a  conduit 
through  the  limestone.  Irving  has  shown  that  in  a  section  revealed  by 
the  Badger  shaft,  on  the  north  side  of  the  mountain,  the  Cambrian 
shales  lie  against  an  almost  vertical  wall  of  porphyry,  and  have  been 
followed  to  a  depth  of  316  feet.     Irving's  conclusion  is  as  follows: 

On  two  sides,  namely,  to  the  east  and  south,  the  sediments  have  been  worn  away 
from  the  immediate  neighborhood  of  the  abrupt  escarpment  of  phonolite.  *  *  * 
On  the  west  and  north  the  sediments  extend  to  the  very  foot  of  the  igneous  bluff, 
where  they  are  upturned  at  a  very  high  angle.  On  the  very  top  of  the  mountain  a 
small  portion  of  Cambrian  shale  still  remains.^ 

This  arrangement  is  precisely  what  would  be  expected  in  a  viscous 
subordinate  mass  breaking  outward  and  upward  to  the  west  from  the 
greater  domes  at  the  head  of  Squaw  Creek.  At  the  western  end  of  the 
mountain  the  limestones  are  flexed  backward  sharply;  at  the  eastern 
end  they  were  lifted  more  gently,  and  perhaps  somewhat  fractured, 
as  in  the  case  of  the  White  wood  Canyon,  Deadman,  and  Bear  Butte 
laccoliths.  It  seems  hardly  necessary  to  postulate  any  considerable 
faulting  to  account  for  the  present  crescentic  form  of  the  mountain. 
The  horseshoe  shape  accords  perfectly  with  that  of  Citadel  Rock  and 
Inyankara  (p.  274),  and  may  be  explained  by  simple  erosive  action 
resulting  from  the  inheritance  on  the  porphyry  of  annular  drainage, 
superposed  from  domed  sediments  above. 

CKOW  TEAK  AXU  CITADEL  ROCK. 

Some  5  miles  west  and  south,  respectively,  from  the  town  of  Spear- 
fish  are  Crow  Peak  and  Citadel  Kock,  two  elliptical  exposures  of 
igneous  rock,  2  miles  apart,  each  about  a  mile  long  when  measured 
northwest-southeast.  Both  dome  up  strata  fi-om  Cambrian  to  Per- 
mian. Crow  Peak,  the  more  northcMly  of  the  two.  arches  the  encir- 
cling beds  more  abruptly  than  does  Citadel  Kock.     Crow  Peak  is  a 

>  A  contribution  to  the  geology  of  tlie  northern  Blaelc  Hills,  by  John  Duer  IrvinK:  Annals  New 
York  Aoad.Sci.,  Vol.  XII,  No.  9.  pp.  212-214. 
»0p.  cit.,  p.  217. 
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high  mountain,  Citadel  Rock  is  an  isolated  butte  encircled  by  a  higher 
ridge  of  sediments  of  horseshoe  shape.  The  summit  of  Crow  Peak 
rises  5,785  feet  above  the  sea;  Citadel  Rock,  5,450  feet.  The  relation 
of  these  two  is  not  unlike  that  of  Circus  Flats  and  Bear  Butte.  Circus 
Flats  marked  the  lower  main  laccolith  of  which  Bear  Butte  was  a 
subordinate  upshoot.  Crow  Peak,  which  strongl}'  resembles  Bear 
Butte,  ma^'  be  sul»rdinate  to  a  large  subterranean  mass  of  which 
merely  the  crest  is  revealed  at  Citadel  Rock. 

Crow  Peak  is  the  highest  point  in  the  northern  Hills  Ij'ing  so  near 
to  the  Red  Valley.  Its  proximity  to  the  plains  gives  to  its  relief 
excessive  prominence.  SecMi  from  the  east  (PI.  XXIX)  the  conspicu- 
ous elements  of  its  prolilc  are  a  sharp  conical  southern  peak  of  por- 
phyry and  a  steep  monoclinal  scarp  of  limestone  resting  against  it  on 
the  north  side.  Thrust  up  through  the  limestone  where  the  sediments 
had  long,  gentle  dip  slopes  northward,  the  igneous  core  is  completely 


Fig.  !)3.— South  .slopi-of  Crow  Peak,  showing  change  of  dip. 

revetted  with  rounded  imbricating  monoclinal  ridges  of  Silurian  and 
Carboniferous  limestone  dipping  steeply  away  on  all  sides  (Pis.  XIX 
and  XLI).  "Wherever  the  contact  was  examined  closel}^  Cambrian 
beds  were  found,  and  on  the  north  side  peripheral  sills  in  Cambrian 
occupy  the  hollows  in  the  ])end,  as  figured  in  the  original  (Henr}'  jMoun- 
tains)  laccoliths.  Dips  taken  while  ascending  a  gulch  on  the  north 
side  of  the  mountain  varied  from  horizontal  one-half  mile  north  of  the 
mountain  to  27°,  40^,  65°,  and  89°  in  Minnelusa,  gray  limestone,  and 
Cambrian  beds.  A  tunnel  at  the  head  of  the  gulch,  cut  horizontall}^  for 
110  feet  southwest  into  the  mountain,  passes  through  105  feet  of  por- 
phyry' and  penetrates  for  5  feet  at  the  end  a  bed  of  quartzitic  sandstone 
dipping  12°,  N.  20°  W.  The  contact  of  the  porphyry  with  this  sand- 
stone is  ragged  and  trends  NNW.  The  sandstone  shows  Oholus  and 
evidently  represents  the  lowest  of  the  Cambrian  beds.  From  this  it 
■would  appear  that  the  Avhole  Cambrian  section  is  upturned  to  the 
northwest  by  the  Crow  Peak  uplift,  and  the  porphyry  traversed  by 
the  tunnel  appears  to  be  a  steeply  upturned  cross-cutting  sill  or  dike. 
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The  summit  of  Crow  Peak  is  a  sliaip  edge  like  that  of  Bear  Biitto, 
trending  northwest  and  running  out  into  a  knife-edge,  with  spurs 
flanked  by  steep  talus  slopes  and  precipitous  Avails.  High  on  the  east 
side  the  sediments  lap  against  the  steep  liU'colith,  dipping  51^  to  the 
east,  and  the  limestone  shows  small  faulting  Avith  western  upthrow. 
On  descending  the  east  slope,  beds  from  Cambrian  to  Minnekahta  lime- 
stone (Permian)  are  crossed  in  a  distance  of  one-half  mile,  and  the  transi- 
tion to  low  dips  and  horizontality  is  very  sudden.  The  most  striking 
revet  crags  are  seen  on  the  south  side  of  the  mountain,  where  they  form 
crescentic  ridges  with  bare  limestone  crests,  separated  from  one  another 
by  V-shaped  trenches  that  give  passage  to  rills  which  regularly  fork  into 
two  within  the  V  along  the  porphvuy-Cambrian  contact.  Fragments 
of  brown  sandstone  and  Scolithus  quartzite  occur  near  the  porphyry, 
and  in  a  few  hundred  yards  the  geologic  section  from  Carboniferous  to 
Permian  shoAvs  a  change  in  dip  from  60°  to  0°  (fig.  93).  This  sudden 
change  of  dip  in  consecutive  outcrops  of  overlapping  strata  is  charac- 


Kio.  91.— Citadel  Rock,  looking  northward  toward  Crow  Peak. 

teri.stic  of  the  steeper  laccolith.s  (see  fig.  92),  and  the  di.staiue  in  Avhich 
the  change  takes  place  is  sometimes  actually  less  than  the  normal  thick- 
ness of  the  beds  irn'ol  ved.  The  structure  shoAvn  aa-ouUI  not  permit  uni- 
fonn  cui-vature  of  all  the  strata  OAor  the  dome.  The  only  explanation 
for  such  structure  is  that  there  has  been  rupture  of  the  hard  beds,  with 
stretching,  compression,  and  flow  in  the  soft  beds.  The  soft  botis 
thick(>n  in  the  concavities  and  thin  on  the  arch.  Crow  Peak  is  encir- 
cled on  the  east,  south,  and  Avest  l)y  Higgins  and  Crow  creeks  and  their 
tributaries;  on  the  north  a  Hat  upland  slope  of  Minn(>l<ahta  limestone 
extends  out  to  the  Red  YalloA',  Avhcrc  it  abruptly  bends  doAvnward,  Avhile 
Minnclu.sa  sandstone  forms  a  ridge  to  the  northwest,  Avith  anticlinal 
structure,  suggesting  the  extension  in  that  direction  of  an  elongate 
subterranean  tongue  of  igneous  rock  from  CroAv  Peak.  The  very 
rapid  bend  from  steep  upturning  to  horizontality  is  Avell  shown  l)y  the 
present  attitude  of  the  Minnekahta  limestone,  Avhi<h  completely  encir- 
'cles  the  mountain  in  nearly  horizontal  tables,  and  makes  a  broad  spoon 
synclinal  on  the  south  side  (PI.  XLI). 
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Citadel  Rock  has  been  uncovered  by  erosion  in  much  the  same  fash- 
ion as  Circus  Flats.  Branches  of  Robison,  Johnston,  and  Higgins 
creeks  have  so  eroded  the  dome  of  limestone  that  was  above  the  lac- 
colith that  the  Minnelusa  cover  is  removed,  and  one  north-flowing 
stream  has  breached  the  gray  limestone  and  Cambrian;  with  its  head- 
water forks  it  has  eaten  out  an  annular  valley  in  the  porphyry  about  a 
spur  which  has  a  columnar  castellated  tower  rising  in  the  center;  the 
crest  of  the  "Citadel"  is  400  to  500  feet  above  the  gulches  on  either 
side  (tig.  94,  PI.  XLI).  The  northern  end  of  the  Citadel  Rock  spur 
still  retains  a  veneer  of  Cambrian  beds.  The  Cambrian,  Silurian,  and 
Carboniferous  section  is  clearly  shown  in  the  horseshoe  rim  of  sedi- 
ments that  incloses  the  annular  valle}',  and  within  this  rim,  on  the 
southeast  side  of  the  ])asin,  a  sill  occurs  in  the  Cambrian.  The  colum- 
nar Citadel  is  connected  with  the  encircling  escarpment  by  a  singularly 
straight  ridge  of  porphyry;  the  limestone  horseshoe  rises  to  a  height 
of  200  feet  above  the  summit  of  Citadel  Rock. 

It  is  clear  that  Crow  Peak  stands  high  by  reason  of  the  steep  inclina- 
tion of  peripheral  contacts  and  the  great  height  of  the  porphyry  topo- 
graphically, whereas  Citadel  Rock,  topographically  lower  and  with 
contacts  less  steep,  has  until  very  recently  been  subjacent  to  easily 
eroded  Cambrian  shales,  which  were  hollowed  out  as  a  basin  beneath 
the  salient,  hard  Carboniferous  limestones  and  sandstones.  So  com- 
pletely is  the  Citadel  concealed  within  its  encircling  rampart  of  for- 
ested hills  that  it  has  never  been  noticed  by  earlier  geological  explorers, 
although  the  actual  area  of  porphyry  exposed  is  almost  as  great  as  that 
of  Crow  Peak. 

SUMMAKV    OF   TERRY    DISTRICT. 

The  Terry  district  of  laccolithic  porphyries  contains  types  charac- 
teristic of  a  deeper  zone  than  the  Two  Bit  district,  just  as  the  Two  Bit 
district  is  stratigraphically  lower  than  the  Vanocker  district.  The  con- 
spicuous features  of  the  Terry-Polo  complex  are  conduits  and  eroded 
remnants  of  laccoliths.  Erosion  has  gone  deeper  because  the  region 
as  a  whole  is  higher.  Conduits  are  represented  b}'  stocks  in  schist 
and  by  innumerable  dikes  which  follow  Algonkian  lamination.  Some 
of  these  filled  fissures  inclined  west,  others  east.  The  one  set  spread 
to  the  east  and  the  other  to  the  west  when  the  jwrphyry  reached 
fissile,  flat-lying  Paleozoic  beds.  Sills  were  formed  in  the  Cambrian, 
and  these  thickened  into  laccoliths.  By  reason  of  a  thinner  Cambrian 
section,  sills  were  less  numerous  and  thicker  than  in  Two  Bit.  The 
major  laccoliths  are  preserved  with  their  flanking  strata  in  the  edgeof 
the  Carboniferous  plateau  and  in  the  northern  Paleozoic  escarpment. 
Eruptive  masses  like  Spearfish  Peak  broke  outward  and  upward  across 
initially  dipping  limestones.  A  characteristic  type  of  mountain  left 
by  erosion  is  dome  shaped,  with  a  laccolith  cap,  and  sills  below.     The 
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Terry  intrusives  as  a  whole  occupied  a  great  arch  between  Speartish 
Creek  and  Whitewood  Creek,  beneath  an  axial  line  of  thinnest  lime- 
stone. Where  the  limestone  broke  on  the  flanks  of  the  arch  the  rup- 
ture gaped  below,  and  viscous  magma  oozed  out  thi-ough  the  fractures, 
to  harden  in  small  domes  of  intense  flexufe,  like  Ragged  Top.  To  the 
northwest,  in  the  general  trend  of  Custer  Peak,  Woodville  Hills,  Deer 
Mountain,  Terry  Peak,  and  Ragged  Top  (a  trend  parallel  also  to  the 
dikes),  masses  of  intrusive  rock  rise  through  Upper  Carboniferous  and 
Permian  limestone  to  form  a  lower  southern  laccolith,  Citadel  Rock, 
barely  breached  by  erosion,  and  a  higher  and  steeper  northern  one, 
Crow  Peak,  that  forces  up  the  sediments  steeply  about  its  flanks. 

LACCOLITHIC  INTRUSIVES  OF  SUNDANCE  DISTRICT. 

The  Sundance  district  contains  two  greater  centers  of  igneous  activ- 
ity. The  one  on  the  east  resembles  somewhat  the  Terr}^  district, 
containing  rocks  from  Algonkian  to  Permian,  with  dikes,  sills,  and 
laccoliths.  This  has  been  called  the  Cement  Ridge  complex,  the  name 
being  that  of  the  highest  porphyry  summit,  a  forested  peak  compar- 
able to  Terry  Peak  in  its  position  at  the  edge  of  the  limestone  plateau. 
Large  masses  of  porphyry,  the  main  laccoliths,  occur  about  the  head- 
waters of  Beaver  Creek  and  Iron  Creek,  and  Black  Buttes,  somewhat 
separated  from  the  rest,  forms  a  laccolithic  uplift  of  considerable  size 
adjacent  to  the  Red  Valley  on  the  west  side  of  the  Black  Hills.  Sub- 
ordinate laccoliths  are  the  Needles  on  the  north,  and  Spottedtail  Dome 
and  Inyankara  Mountain  on  the  west. 

The  second  igneous  center  is  the  Bearlodge  Range,  an  elongate 
uplift  of  Paleozoic  rocks  with  igneous  core,  trending  northeast  and 
southwest,  lying  northwest  of  the  Black  Hills  uplift  proper,  and  sepa- 
rated from  it  by  the  Red  Valley  at  Sundance.  Subordinate  to  the 
greater  medial  intrusion,  which  reaches  its  culmination  in  the  Warren 
Peaks,  minor  laccoliths  have  broken  through  Me.sozoic  l)eds  on  both 
flanks  of  the  range;  these  form  the  Sundance  Hills  on  the  southeast 
and  the  Little  Missouri  Buttes  and  Mato  Teepee  on  the  northwest. 

The  data  recorded  here  for  the  Sundance  district  were  obtained 
during  a  reconnaissance  of  two  weeks'  duration  in  October,  1898, 
n)ade  with  a  view  to  comparing  the  igneous  phenomena  of  the  north- 
west with  those  more  thoroughly  studied  in  the  Deadwood  and  Terry 
districts.  In  this  excursion  the  writer  was  efficiently  assisted  by 
Dr.  J.  D.  Irving.  The  Cement  Ridge  country.  Black  Buttes,  Inyan- 
kara, Sundance  Hills,  and  Warren  Peaks  were  accorded  very  brief 
examination  en  route  to  Mato  Teepee,  where  a  longer  stay  was  made 
in  order  to  settle,  if  possible,  disputed  questions  concerning  the  origin 
of  that  extraordinary  monolith  and  its  companion  hills,  the  Little 
Missouri  Buttes. 
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CEMENT    RIDGE    COMPLEX. 

Laccoliths, 
cement  ridge  and  iron  creek. 

Topographically  Cement  Ridge,  2  miles  south  of  Welcome,  extend- 
ing as  a  height  of  land  far  to  the  south,  marks  the  same  sort  of  cul- 
minating porphyry  center  as  Terry  Peak  to  the  east  and  Warren 
Peaks  to  the  west;  it  forms  the  divide  from  which  streams  flow  east 
to  Speartish  Creek  and  west  to  the  Grand  Canyon.  West  of  Cement 
Ridge  the  stratified  rocks  dip  away  very  gentl}-,  the  MinneUisa 
sandstones  of  Spottedtail,  Rattlesnake,  and  Cold  Springs  valleys 
appearing  almost  horizontal  and  exposed  for  great  distances.  It  was 
in  one  of  these  valleys  farther  to  the  south  that  Winchell  first  saw  the 
]Minn(>lusa  rocks,  and  he  gave  the  Indian  name  of  the  creek  to  the 
formation.  The  wide  valley  formed  b}-  the  "Red  Beds"  south  of  Sun- 
dance shows  a  striking  s3'mmetr3'  of  topogi'aphic  forms  on  either  side. 
To  the  northwest  are  seen  the  long  level  sunuuits  of  the  Bearlodge 
Mountains,  with  the  two  laccolithic  outliers,  Sundance  Mountain  and 
Green  Mountain  (*'  Little  Sundance  Dome")  in  the  Red  Valley  at  their 
feet.  To  the  east  Cement  Ridge  forms  a  similar  long  crest,  with 
Black  Buttes  rising  abruptly  from  the  Red  Valley  at  its  foot;  and 
north  of  these  buttes  occurs  a  long  dome,  hitherto  not  noticed  by  geol- 
ogists, that  corresponds  in  position  on  the  eastern  side  of  the  \-alley 
to  Green  Mountain  on  the  western.  This  hill,  here  called  the  Spotted- 
tail  Dome,  is  encircled  by  a  rim  of  Minuekahta  limestone,  as  in  the 
case  of  Green  Mountain  (PI.  XVIIl). 

The  summit  of  Cement  Ridge  is  porphyry,  apparently  intruded 
about  the  base  of  the  Cambrian,  for  the  basal  quartzite  of  that  forma- 
tion forms  a  ledge  dipping  at  a  Ioav  angle  off  the  mountain  on  the  west 
at  the  head  of  Rattlesnake  Creek,  and  conglomerate  underlies  the  por- 
phj'ry  on  the  east  side.  A))Out  the  head  of  Beaver  Creek  the  country 
is  densely  forested  and  shows  but  few  outcrops.  The  float  is  Cambrian 
and  porphviy.  Large  laccolithic  bodies  occur  on  Iron  Creek  south  of 
Bear  Gulch.  These  again  are  in  part  intruded  at  the  base  of  the  Cam- 
brian, for  the  basal  conglomerate  overlies  them  (PI.  XIX).  Iron  and 
Deer  creeks  flow  east  to  Spearfish  Canyon.  They  apparently  drain 
the  eastern  flank  of  a  laccolith  of  large  size  and  relatively  gentle  curva- 
ture. The  region  between  Bear  Gulch  post-office  and  Cement  Ridge 
shows  alternations  of  Algonkian,  Cambrian,  and  porph3iv,  indicating 
the  presence  of  many  dikes  and  sills.  The  dikes  west  of  Bear  Gulch 
have  a  general  NNW.  trend,  and  the  usual  tendenc}'  of  the  porphrv  to 
form  hill  cappings  was  observed,  as  at  Lead,  indicating  the  presence 
of  eroded  remnants  of  sills  and  laccoliths. 
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BLACK    Itrn'KS    AND    SPCVITEDTAIL    DOME. 

Newton  mentioned  "'a  nameless  peak  northeast  of  Inyankava,''' 
composed  of  igneous  rock.  This  igneous  mass  proves  to  be  a  group  of 
hills  of  some  size,  containing  laccolithic  intrusions  in  strata  ranging 
from  Cambrian  to  Permian.  The  Black  Buttes  must  not  be  confused 
with  ••  Black  Butte,"  an  old  name  for  Spearfish  Peak.  They  lie  west 
of  Cement  Ridge,  sepai'ated  from  it  by  a  wide  area  of  Minnelusa 
beds  lying  almost  horizontal,  so  that  they  form  a  separate  center  of 
irruption. 

The  Black  Buttes  are  a  group  of  hills  composed  of  porphyry, 
which  breaks  through  and  uplifts  l)y  intrusion  stratified  sediments 
from  Cambrian  to  Red  Beds.  Approaching  the  Buttes  from  the 
northern  side,  one  observes  that  the  several  radial  creeks  have 
cut  V-shaped  trenches  in  Minnekahta  limestone  and  Minnelusa  lime- 
stones and  sandstones.  Looking  to  the  north  from  the  summit  of  the 
northern  butte,  the  Minnekahta  limestone  on  the  eastern  border  of 
Red  Valley  is  seen  to  lie  rather  flat,  conforming  to  very  gentle  dips 
noted  in  the  valleys  on  the  western  flanks  of  Cement  Ridge.  Three 
and  a  half  miles  to  the  north,  however,  is  seen  the  long,  low,  Spotted- 
tail  Dome,  exposing  Minnekahta  limestone  dipping  away  in  both 
directions,  and  a  Minnelusa  core  in  a  long  ellipse  of  northwest-south- 
cast  axis.  The  northern  hills  of  the  Black  Buttes  are  three  in  num- 
ber: the  two  western  ones  are  sharp,  conical  peaks  of  porphyry;  a 
more  elongate  one  to  the  east  is  composed  of  Carboniferous  limestone. 
On  the  northern  side  of  the  middle  hill  porphyry  was  foimd  directly 
in  contact  with  Minnelusa  sandstone,  here  indurated  to  (luartzite. 
From  the  summit  of  the  hill  the  Black  Buttes  are  seen  to  be  an  irreg- 
ular group  of  hills,  occupying  an  area  of  some  20  square  miles.  The 
hills  inclose  basinlike  depressions,  and  in  one  of  these  Avere  found 
prospecting  tunnels  and  shafts  cut  through  glauconitic  and  calcareous 
Cambrian  shales. 

The  porphvry  breaks  across  sti-ata  from  east  to  west,  forming 
intrusive  sills  and  small  laccoliths  at  progressively  higher  horizons. 
Gray  limestone  is  uplifted  by  the  porphyry  in  the  peak  fartluvst  to  the 
southwest.  In  the  Cambrian  shales  mentioned  a  snjall  dome  was 
traced  in  three  outcrojis,  the  (luacjuaversal  cui'vature  being  indicated 
by  radial  dips.  There  are  numerous  small  conical  porphyry -capjx^d 
hills,  producing  topograpluc  irregularities  in  tiie  imier  Imsins.  In  a 
tunnel  about  the  central  portion  of  the  Black  Buttes  an  upright  con- 
tact of  poi-phyry  and  gray  limestone  was  found.  The  section  through 
the  ui)lifted  limivstone  on  the  southwc^st  is  similar  to  that  through  the 
Deadman  laccolith  (PI.  XXI,  F-G),  with  the  dirt"(M-encc  that,  in  the 
Black  Buttes,  Mninelusa  sandstone  dijis  under  the  porphyry  instead  of 
being  beveled  across  by  it  (PI,  XXXVI).    The  Black  Buttes  as  a  whole 
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form  a  small  isolated  igneous  center,  involving  all  the  Paleozoic  rocks, 
the  porphjny  spreading  outward  and  stratigraphically  upward  toward 
Inyankara.  Inj'ankara  Mountain  is  undoubtedly  an  offshoot  of  the 
greater  Black  Buttes  laccoliths.  Spottedtail  Dome  ma}'  cover  a  large 
laccolith  somewhat  analogous  in  position  to  that  of  the  Black  Buttes 
and  possibly  on  the  same  line  of  conduits  beneath,  but  the  porphyry 
lies  topographicallv  too  low  to  be  dissected  by  the  present  drainage, 
and  hence  is  not  as  yet  revealed. 

SUBOKOINATK    LaccOLITHW. 
THE    NEEDLES. 

A  porphyry  mass  between  Beaver  Creek  and  Bear  Gul  ;h,  passing 
into  large  dikes  southward,  is  locally  known  as  "The  Needles,"  or 
Connors  Peak.  This  eruptive  body  shows  characteristics  similar 
to  some  of  those  of  the  better-known  laccoliths,  but  the  hills  being 
densely  wooded  and  the  rocks  little  exposed  it  is  difficult  of  inves- 
tigation without  extended  study.  The  eruptive  cuts  Carboniferous 
limestone  on  the  north  and  east,  and  upturned  Cambrian  strata  are 
seen  on  the  west  and  south,  while  porphyry  occurs  on  the  southwest 
directly  in  contact  with  the  coarse  pegmatite  and  schists  of  Nigger 
Hill.  There  is  thus  a  region  of  vents  through  the  Algonkian  exposed 
in  this  Nigger  Hill  district,  and  dikes  of  porphyry  cutting  the  Algon- 
kian rocks  are  found  farther  south  on  the  main  road  to  Welcome.  In 
general  the  Needles  may  be  described  as  a  mass  of  porphyrv  of  irregular 
form  l)reaking  across  beds  from  Cambrian  sandstone  on  the  south  and 
west  to  Carboniferous  limestone  on  the  north  and  east.  Its  castellated 
pinnacles  form  a  prominent  feature  in  the  landscape. 

Irving  describes  the  Needles  as  follows:^ 

This  porphyry  upHft  *  *  *  consists  of  a  series  of  extremely  sharp  conical 
peaks  *  *  *  whicli  show  the  most  perfect  columnar  partuig  that  the  writer  has 
seen  in  the  Hills,  with  the  exception  of  those  exposed  in  the  Devil's  Tower.  The 
columns  are  vertical,  and  are  hroken  across  by  a  jointing  which  .«hows  a  rough  resem- 
blance to  the  ball  and  socket  jointing  of  basalt.  Three  of  these  conical  peaks  are 
especially  high,  one  of  them  rising  500  feet  above  the  bed  of  the  creek  below. 

Viewed  from  the  south,  they  bear,  collectively,  strong  resemblance  to  a  huge  dike, 
but  on  ascending  the  highest  of  them,  one  is  impressed  with  the  almost  plug-like 
character  of  the  mass.  The  Carboniferous  limestone  can  be  seen  to  the  east,  north 
and  northwest,  forming  a  wall  about  the  uplift.  On  the  west  there  seems  to  be  an 
extension  of  the  porphyry.  On  the  south  great  blocks  of  indurated  sandstone  occur 
and  the  Cambrian  is  extensively  exposed  in  this  direction.  *  *  *  In  between 
the  lower  porphyry  hills  exposures  of  Cambrian  shale  occur,  as  if  in  its  intrusion  the 
rock  had  included  a  portion  of  that  series  above  itself,  and  had  ele^•ated  this  to  the 
level  of  the  surrounding  limestone.  [Compare  Sheep  Mountain,  Dome  Mountain, 
and  ^^'hitewood  Canyon  laccolith,  tig.  91  and  Pis.  XX  and  XXI.] 

^A  contribution  to  the  geology  of  the  northern  Black  Hills,  by  J.  D.  Irving:  Annals  New  York 
Acad.  Sci..  Vol.  XII,  No.9,p.'224. 
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It  will  be  seen  from  this  description  that  the  Needles  are  a  subordi- 
nate laccolith  like  Ragged  Top,  flexing  back  the  massive  limestone  on 
the  side  remote  from  the  greater  Cement  Ridge  masses,  and  were 
injected  probably  in  a  highly  viscous  condition  through  the  Cambrian 
beds  on  the  northern  border  of  the  larger  southern  laccolith.  Ikying  a 
short  distance  west  of  Crow  Peak,  the  Needles  occupy  a  similar  position 
structurally.  The  rock  of  the  Needles  is  somewhat  unusual — a  diorite- 
porpyhry  without  mica,  containing  phenocrvsts  of  automorphic  horn- 
blende, sanidine,  and  plagioclase  in  a  groundmass  of  plagioclase, 
magnetite,  and  orthoclase. 

INYANKARA    MOUXTAIX. 

Inyankara  Mountain  was  described  by  Winchell  ^  more  accurately 
than  l)y  Newton.  The  mountain  rises  on  the  outer  side  of  the  Red 
Valley  4  miles  southwest  of  Black  Buttes.  It  has  a  height  of  6,313  feet 
above  the  sea  and  some  1,400  feet  above  Inyankara  Creek,  which  curves 
in  a  semicircle  around  the  north  side  of  the  mountain.  Its  striking  cir- 
cular symmetry — a  cone  in  the  middle  of  a  horseshoe  ridge — has  been 
variously  compared  to  a  hat,  saucer,  etc.  Winchell  describes  the 
mountain  as  follows,  and  the  observations  quoted  accord  with  the 
writer's: 

Itx  suininit,  which  rises  high  enough  to  mark  it  as  an  important  peak  among  the 
hills  that  surround  it,  has  the  shape  of  an  inverted  saucer,  with  another  smaller 
inverted  saucer  lying  on  the  top.  *  *  *  Before  reaching  it  we  pass  over  three  or 
four  foothills, composed  of  Jurassic  and  Cretaceous.  *  *  *  These  formations  are 
not  greatly  disturbed  by  the  uplift,  but  still  show  a  very  perceptible  dip  away  from 
the  mountain.  At  the  foot  of  the  mountain  *  *  *  we  enter  upon  the  Carbon- 
iferous limestone,  which  has  a  dip  of  about  30°  from  the  horizontal,  varying  from 
20°  to  60°,  sometimes  presenting  shoulders  that  have  a  confused  dip,  or  stand  ver- 
tical. Over  this  we  climb  to  a  height  of  about  500  feet  to  the  top  of  a  circular  ridge 
which  incloses  the  main  coluumar  center  of  the  mountiiin.  *  *  *  Crossing  a 
wooded  glen  *  *  *  we  ascend  the  peak  from  the  south.  The  shape  of  the  sum- 
mit, which  at  a  distance  has  the  aspect  of  a  small  saucer  lying  on  a  larger  one,  both 
inverted,  is  caused  by  the  central  mass  rising  above  the  rim  or  ridge,  by  which  it  is 
nearly  surrounded.  The  only  opening  in  this  rim  is  towards  the  north  10°  east, 
where  it  is  entirely  wanting.  The  ridge  is  about  tliree-(iuarters  of  a  mile  distant 
from  the  central  mass,  in  all  directions,  and  gives  the  outline  of  the  larger  saucer. 
It  does  not  rise  as  high  a.s  the  central  mass.  *  *  *  The  intervening  space  is 
occupied  by  a  dark  valley,  narrow,  and  sliaded  with  Norway  pines.  It  is  very  diHi- 
cult,  and  in  many  places  impo.ssible,  to  pa.ss  from  the  ridge  to  the  center  across  this 
gorge,  the  rock  rising  sheer  up  on  nearly  all  sides  about  the  central  mass.     *    *    * 

The  Carboniferous  limestone  seems  to  be  warped  into  a  wave-like  surface  when 
exposed  on  some  of  th*;  lower  flanks,  a  fact  also  noticed  at  other  i)laces,  and  lies  at  a 
high  angle  of  incline  all  aV)out  the  mountain's  ba.se.  The  rock  *  *  *  is  igneou.-*, 
thrust  through  the  sedimentary  strata.  There  is  a  very  marked  system  of  jjcrpeu- 
dicular  jointage  planes  that  cut  the  main  ridge  ea»t  and  west,  the  indivichial  planes 


UJcoIoglcal  Report  on  the  Black  Hills,  by  N.  H.  Winchell;  Rcconmiissnncc  .)f  1S74,  by  Captain 
William  Ludlow,  Engineer  Department  V.  S.  A.,  Wa.shington,  1875,  p.  17. 
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being  about  10  inches  apart  or  closer.  Another  system  runs  northeast  and  southwent, 
the  planes  being  4  feet  apart,  and  tipped  (their  tops)  toward  the  southeast  about 
10°;  while  a  third  system  runs  perpendicular  to  the  last,  and  has  the  tops  inclined 
toward  the  northeast  about  10°.  These  larger  divisions  of  the  rock  cause,  on  l)eiug 
weathered,  the  columnar  structure  seen  all  about  the  sides  of  the  central  mass.  There 
is,  besides,  on  the  western  side  of  the  central  mass,  a  fourth  system  of  joints,  that 
slope  toward  the  west  at  an  angle  of  about  45°,  which  gives  the  whole  mass  at  that 
point  the  appearance  of  being  a  heavy-bedded,  u)ili(aMd  sedimentary  rock.  *  *  * 
The  east  side  of  the  horseshoe  ridge  is  made  u\>  nf  nm.  h  ilic  same  kind  of  rock,  but 
weathers  whiter.  It  is  very  much  cut  up  by  dhisiniuil  jilaues,  and  stands  up  in  ver- 
tical dike-like  ridges  in  some  places  on  the  east  and  southeast. 

Newton  failed  to  recognize  the  Carboniferous  or  Jura-Cretacei)us  in 
the  encircling  beds,  nor  did  he  note  that  the  horseshoe  rim  is  formed 
in  part  of  porph3ay.  He  was  under  the  mistaken  impression  that  the 
purple  Permian  limestone  and  the  Red  Beds  were  the  only  strata  atfcctcd 
bv  the  igneous  uplift,  and  that  this  same  limestone  formed  the  annular 
ridge.  The  annular  valley  about  the  central  porphyry  core  has  been 
commonly  suppo.sed  to  represent  the  contact  between  porphyry  and 
sediment.s.  The  writer  visited  the  rim  of  this  valley,  and  the  first  ridge 
outside  of  the  deep  gorge  that  surrounds  the  central  eruptive  dome 
proved  to  be  poi-phj-ry,  as  stated  by  Winchell,  a  case  by  no  means 
uncommon  in  these  laccolithic  masses,  and  resulted  from  the  superposi- 
tion on  porphvry  of  an  annular  valley  original!}'  formed  in  sediments 
(see  Citadel  Rock,  fig.  94).  Thelnyankara  horizon  of  intrusion,  so  far 
as  revealed  ^)y  the  eastern  contact,  is  the  Minnelusa  formation,  which 
here  forms  a  dense  white  quartzite  in  contact  with  the  porphyry.  One 
or  two  sills  of  porphj-ry  were  crossed  in  their  normal  position,  i.  e. 
the  angle  formed  by  buckling  of  strata  about  the  base  of  the  uplift. 
The  hard  and  soft  beds  of  Minnelusa,  Permian,  Trias,  and  Jura  form 
a  series  of  concentric  ridges  and  valleys  inclosing  the  inner  porphyry 
dome. 

Inyankara  Mountain  represents  a  stage  in  denudation  much  like  that 
of  Citjidel  Rock.  It  is,  however,  a  steeper  dome,  intruded  stratigraph- 
icallv  higher,  and  may  be  classed  genetically  with  Crow  Peak  and 
Bear  Butte.  It  is  probably  subordinate  to  the  greater  mass  of  the 
Black  Buttes.  Relative  to  Bear  Butte  and  Crow  Peak  it  represents  an 
earlier  stage  of  uncovering  by  erosion.  In  future  centuries  the  flank- 
ing sediments  will  wear  lower,  the  porphyry  will  assert  its  more  resist- 
ant quality  and  stand  in  much  greater  relief,  and  the  annular  valley 
will  lose  definition  until  it  persists  only  in  the  mountain  profile,  which 
will  remain  divided  rudely  into  three  parts,  a  central  high  summit  and 
irregular  lower  ridges  on  either  side  (see  fig.  97). 
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The  j»-reater  porphyiy  masses  of  the  interior  of  the  Bearlodge 
Range  may  be  considered  the  principal  laccoliths  to  which  the  Sun- 
dance Hills  are  subordinate.  It  is  not  clear  that  Little  Missouri  B;.ittes 
and  Mato  Teepee  are  subordinate  to  the  Bearlodge  core  in  the  same 
sense,  for,  as  will  be  shown,  there  is  good  reason  for  the  belief  that 
Mato  Teepee  is  a  subordinate  extension  from  the  Little  Missouri 
Buttes  as  a  center.  In  this  case  the  spread  of  the  igneous  magma  was 
southeast,  toward  the  Bearlodge  Range,  instead  of  away  from  it. 
As  the  rock  of  the  Little  Missouri  Buttes  and  Mato  Teepee  is  lithologi- 
cally  very  different  from  Icnown  specimens  from  the  Warren  Peaks  and 
Sundance  Mountain,  and  contains  inclusions  of  the  older  rhj^olitic  por- 
phyries, it  is  probable  that  the  Little  Missouri  Buttes  laccolith  was 
injected  independently  of  and  later  than  that  of  Warren  Peaks.  This 
is  borne  out  by  evidence  which  shows  that  the  dip  of  sediments  away 
from  the  greater  Bearlodge  uplift  existed  at  the  time  of  the  Mato 
Teepee  intrusion.  It  is  probable  that  both  of  the  greater  intrusions 
came  up  through  fissures  in  the  Algonkian  inclined  eastward  from  the 
vertical,  and  therefore  had  a  tendency  to  spread  onward  to  the  east. 
In  this  sense,  then.  Little  Missouri  Buttes  must  be  considered  the  main 
laccolith  to  which  Mato  Teepee  is  su})ordinate.  Both  will  be  treated 
together  here,  however,  as  subordinate  laccoliths  to  the  Warren  Peak 
mass. 

WARREN    PEAKS. 

The  Bearlodge  Range  proper  has  been  fully  described  b}-  Newton* 
and  Jenney,'^  and  this  description  needs  no  repetition  in  detail.  War- 
ren Peaks,  the  highest  summits  of  the  range,  are  bare,  rounded, 
grass-covered  hills  of  coarse  granite-porphyry,  reaching  a  height  of 
6,654  feet  above  sea  level.  Seen  from  east  or  west  the  peaks  are 
not  conspicuous,  because  the  slopes  arc  long  and  gentle.  The  struc- 
ture, which  has  been  called  a  miniature  copy  of  the  Black  Hills, 
is  that  of  an  elongate  laccolithic  uplift  extending  about  20  miles 
northeast  and  southwest,  Avith  a  porphyr}'  core  exposed  for  8  miles. 
Subordinate  intrusions  occur  on  the  flanks,  where  i-ocksr  from  Cam- 
brian to  Jura-Cret4iceous  dip  away  in  all  diivctions.  Northwest  and 
north  the  trunk  drainage  from  the  riuigi>  Hows  radially  to  the  Belle 
Fourchc  River.  Rectangular  systems  of  branch  streams  are  formed 
by  subsequent  development  along  soft  strata.  The  Minnekahta  lime- 
stone forms  on  the  slopes  its  characteristic  V-shaped  gateways.  Seen 
from  Mato  Teepee  on  the  northwest,  a  larger  valley  on  the  slope  of  the 

» Report  on  the  Geology  anfl  Resources  of  the  Black  Hills  of  Pnkotn,  by  Henry  Newton  and  Walter 
P.  Jcnncy:  U.  S.  Oeog.  and  Geol.  Surv.  Rocky  Mountain  Region,  Washington,  1»80,  pp.  199. 
"Op.  clt.,  p.  283. 
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Bearlodge  Range  shows  three  pairs  of  benches;  one  bounds  a  wide, 
flat  valley  above;  a  lower  trench  corresponds  with  the  present  valley 
of  the  Belle  Foiirche;  and  a  smaller,  lowest  trench  suggests  a 
recent  uplift.  The  highest  bench  is  formed  of  Lower  Cretaceous 
strata;  the  next  lower  of  Jurassic.  A  columnar  sill  was  found  high 
on  the  northwest  slope  of  the  range  in  Jurassic  ripple-marked  sand- 
stones. On  the  cast  side  of  the  range  the  canyons  are  deep  and  the 
dips  higher,  sometimes  between  30°  and  -tO°. 

SUHORDIXATK    I^ACCOI.ITItS. 
.SLXDANCE    MILLS. 

In  the  lied  Valley  southeast  of  Warren  Peaks  two  laccolithic  hills 
occur,  occupying  on  that  side  of  the  Bearlodge  uplift  a  position 
S3'mmetrical  to  that  occupied  by  jNIato  Teepee  and  the  Little  Missouri 
Buttes  on  the  northwest  side.  The  Sundance  Hills  appear  to  be  out- 
liers, bearing  to  the  greater  laccolith  the  relation  of  lateral  lenses  in 
normal  subordinate  position,  tilling  the  bends  and  injected  through 
peripheral  concentric  fractures  (PI.  XLIV).  They  have  been  described 
by  Newton 'and  Russell.'^  The  southern  and  larger  mass,  Sundance 
INIountain,  is  composed  of  porphjay,  intruded  through  Permian  and 
Trias  to  Jura  on  its  eastern  side,  hence  probably  injected  from  the 
west,  i.  e.,  from  the  direction  of  the  Bearlodge  Range.  Porphyry 
cliffs  occurring  across  Sundance  Valley  on  the  western  side  of  the 
town  appear  to  Ije  the  sheet  of  which  Sundance  Mountain  is  the 
thickened  eastern  termination. 

The  porphyry  of  Sundance  Mountain,  a  fine-grained  rhyolite,  shows 
at  a  distance  a  yellow-greenish  color,  induced  by  a  characteristic  lichen 
noted  both  here  and  on  ISIato  Teepee  in  grpat  abundance  on  the  face  of 
the  vertical  clifls.  The  porphyry  extends  in  an  irregular  lobe  from 
the  main  mass  of  the  mountain  to  the  westward,  where  rounded  low 
hillocks  covered  with  porphyry-  slabs  occur  at  levels  a  hundred  feet 
or  more  lower  than  the  Red  Beds  on  the  northern  face  of  the  moun- 
tain. A  hundred  yards  to  the  north  the  Red  Beds,  entirely  free  from 
porphyr}'  debris,  dip  14^  under  the  mountain  S.  60°  E.  There  is  thus 
evidence  on  this  side  of  the  eruptive  breaking  across  Minnekahta  lime- 
stone and  Red  Beds.  The  Red  Beds  recur  at  the  foot  of  the  mountain 
on  the  north,  without  any  appearance  of  dipping  away  from  it,  show- 
ing distinct  horizontal  bedding.  Jurassic  beds  occur  east  of  the  moun- 
tain. On  the  flanks  of  the  Bearlodge  Range  to  the  northward  the 
INIinnekahta  limestone  dips  southeast,  the  south-flowing  drainage  cut- 
ting through  it  the  usual  V-shaped  gateways.  The  dome  of  Green 
Mountain    (Little   Sundance   dome)   is   remarkabh'  symmetrical   and 

'Op.  cit.,  p.  197. 

^Igneous  intrusions  in  the  neigbborliood  of  the  Black  Hills  of  Dakota,  by  I.  C.  Ru.ssell:  Jour.  Geol., 
Vol.  IV,  ls9(i,  p.  29. 
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isolated,  but  in  structure  is  altogether  similar  to  Elkhoru  or  Spotted- 
tail  dome,  with  a  Minnelusa  crest  and  an  encircling  shell  of  Permian 
limestone.  A  short  distance  west  of  Sundance  there  is  a  dome- 
shaped  hill  which  appears  to  be  another  buried  laccolith  like  Green 
Mountiiin. 

I.ITTLK    MISSOURI    BITTES    AND    MATO   TEEPEE. 

Descriptions  hy  preoious  writers. — Jenney  wrote  as  follows,'  describ- 
ing the  appearance  of  Little  Missouri  Buttes  and  Mate  Teepee  (see 
fig.  95)  from  the  summit  of  Warren  Peaks: 

To  the  west  (magnetic),  some  20  miles  away,  Bear  Lodge  Butte  [Mato  Teepee]  and 
the  Little  Missouri  Buttes  appear  in  line.  From  this  distance  the  former  resembles 
in  appearance  the  huge  stump  of  a  tree,  its  surface  curiously  striated  vertically  from 
top  to  base,  and,  being  perched  on  the  crest  of  a  high,  flat-topped  ridge,  it  becomes  a 
very  prominent  landmark,  which,  once  seen,  is  so  singular  and  unique  that  it  can 
never  be  forgotten.  Although  the  Bear  Lodge  country  is  an  elevated  region,  and 
the  different  streams  have  a  considerable  fall  before  reaching  the  Belle  Fourche,  yet 
the  topography  is  quite  peculiar  in  the  prevalence  of  long,  flat-topped  ridges  or 
mesas  between  the  narrow  and  deep  valleys  and  canyons  of  the  creeks.  This  is  due 
to  the  resistance  to  erosion  offered  by  hard  and  continuous  strata  of  sandstone  of 
the  Jurassic  and  Cretaceous  formations,  which  are  here  almost  horizontal  in  their 
tedding,  with  a  gentle  slope  away  from  Warren  Peaks. 

That  part  of  Newton's  description  which  accords  with  the  writer's 
observations  may  be  quoted:^ 

The  Bear  Lodge  {Mato  Teepee). — This  name  appears  on  the  earliest  map  of  the 
region,  *  *  *  though  more  recently  it  is  said  to  be  known  among  the  Indians  as 
"the  bad  god's  tower,"  or,  in  better  P3nglish,  "the  devil's  tower."  *  *  *  It 
stands  on  the  immediate  western  bank  of  the  Belle  Fourche,  about  4  miles  southeast 
from  the  Little  Missouri  Buttes.  It  was  not  reached  by  the  Warren  expedition,  but 
while  the  Raynolds  expedition  was  in  the  vicinity  of  the  Little  Missouri  River  two 
attempts,  the  last  successful,  were  made  by  Mr.  Hutton  to  reach  it.  He  recorded, 
however,  no  particular  description  of  it,  so  that  when  we  reached  it  in  1875  our 
examination  had  all  the  charm  of  novelty.  Its  remarkable  structure,  its  symmetry 
and  its  prominence  made  it  an  unfailing  object  of  wonder.  It  is  a  great  rectangular 
obelisk  of  trachyte  [phonolite]  with  a  columnar  structure,  giving  it  a  vertically 
striated  appearance  and  it  rises  625  feet,  almost  perpendicular,  from  its  base.  Its 
summit  is  so  entirely  inaccessible  that  the  energetic  explorer,  to  whom  the  ascent 
of  an  ordinarily  difficult  crag  is  but  a  pleasant  pa-stime,  standing  at  its  base  could  only 
look  uy)ward  in  despair  of  ever  planting  his  feet  on  the  top.'  *  *  *  Within  a  half 
mile  of  the  banks  of  the  Belle  Fourche  the  shaft  rises  with  its  l)road  ba.se  of  debris 
from  the  plateau  formed  by  the  lower  Jura-ssic  sandstone.     Its  dimensions  were 

'  Op.  cit.,  p.  284. 

'Op.  cit.,  p.  200. 

'Both  Newton  and  Russell  remark  on  the  absolutely  inacces-sible  chorncter  of  the  summit.  Russell 
snys,  "The  strongest  and  most  experienced  mountain  climber  must  pause  when  he  has  scaled  the 
rugged  cliffs  which  form  the  immediate  base  of  the  tower  and  gains  the  point  where  the  individual 
prisms  make  their  abrupt  curve  and  ascend  perpendicularly.  Beyond  that  point  no  man  has  ever 
reached,  and,  it  is  safe  to  say,  never  will,  unaided  by  appliances  to  a-ssist  him  in  climbing."  Such 
appliances  have  recently,  however,  been  used;  with  the  aid  of  iron  bars  driven  into  tho  angle 
between  two  sloping  columns,  a  rude  ladder  wius  constructed  by  an  enterprising  climber,  and  the 
ascent  to  the  summit  has  been  made,  a  fact  attested  by  a  small  (lag.  visible  from  below,  which  was 
left  on  tho  highest  point  of  the  tower.  A  member  of  the  I'nitcd  States  Geological  Survey  has  also 
made  the  o-icent. 
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determined  by  Captain  Tuttle,  the  astronomer  of  the  expedition,  who  calculated 
them  from  measurements  with  the  sextant.  The  height  of  the  summit  above  the 
river  was  found  to  be  1,126  feet,  while  approximately  it^^  elevation  above  the  sea  is 
5,260  feet.  The  width  of  the  summit  from  north  to  south  is  376  feet,  and  the  width 
at  base  is  796  feet.     In  an  east-and-west  direction  the  diameters  are  les>:. 

The  rock  *  *  *  has  a  crystal-like  structure  on  a  grand  scale,  which  from  a  short 
distance  gives  the  column  the  appearance  of  a  fascicle  of  gigantic  fibers.  From  the 
base,  which  is  considerably  broader  than  the  body  of  the  peak,  each  liber-like  crys- 
tal or  column  rises  in  a  bold  curve  to  the  bottom  of  the  vertical  obelisk,  which  it  then 
follows  to  the  summit.  *  *  *  The  strata  from  which  this  igneous  colunm  springs 
are  not  in  the  least  disturbed  at  the  nearest  points  where  they  coujd  be  examined, 
about  50  or  75  feet  from  the  ba.se,  but  the  sandstones  *  *  *  are  converted  into  a 
comi)ai-t  white  quartzite. 

Tin-  Little  Misnoii  rt  Bnltcs  stand  on  the  plateau  of  Dakota  sandstone,  about  4  miles  west 
[northwest]  of  Bear  Lodge  and  near  the  divide  between  the  headwaters  of  the  Little 
Mi-ssouri  River  and  the  Belle  Fourche.  They  '  *  *  *  are  said  to  be  called  by  the 
Indians  the  "buttes  which  look  at  each  other."  Though  prominent  landmarks,  they 
rise  only  l)etween  four  and  five  hundred  feet  above  their  base.  They  are  about  one- 
half  *  *  *  of  a  mile  distant  from  one  another,  but  they  are  so  thoroughly  cov- 
ered around  their  ba-^es  with  debris  that  their  intimate  structure  and  relation  could  not 
well  be  determined.  The  Cretaceous  sandstone  forming  the  floor  of  the  surrounding 
plain  could  not  be  ascertained  to  exhibit  any  disturbance  or  change  of  structure  due 
to  proximity  to  the  igneous  matter.  Each  peak  has  the  same  gi'ueral  conical  form 
so  often  descrilnxl,  and  a  similar  sy.stem  of  cleavage  planes  was  also  observed.  Some 
cross  planes  give  locally  an  appeanin<-e  of  columnar  structure.  The  rock  is  agreeni.sh- 
gray  trachyte,  similar  to  that  of  the  Bear  Lo<lge;  but  though  it  contains  many  crys- 
tals of  feMspar,  it  is  not  so  highly  crystallized  as  the  rock  from  the  latter  peak.''  At 
the  base  of  the  Buttes  in  one  or  two  localities  a  rock  was  found  exceedingly  light  and 
cellular  in  structure,  yellowish  in  color,  and  very  like  a  volcanic  tufa.  As  the  result 
of  a  microscopic  examination,  Mr.  Caswell  designates  it  a  rhyolitic  breccia,  including 
fragments  of  both  sandstone  and  rhyolite. 

Profes.sor  lius.seH's  vivid  description  jiivcs  souk-  idea  of  the  solitary 
grandeur  and  beauty  of  the  tower: ' 

When  ^lato  Teepee  is  .«een  from  almost  any  locality  iu  the  valley  of  the  Belle 
Fourche  within  a  radius  of  several  miles,  one  is  not  only  forcibly  impressed  by  the 
grandeur  of  the  monumental  form  that  dominates  the  landscape,  but  is  delighted  by 
the  brilliant  and  varied  colors  of  the  rocks  forming  the  sides  of  the  valley  and  the 
immediate  base  of  the  tower.  The  Red  Beds  in  the  lower  portion  of  the  river  bluffs 
show  many  variations  of  pink  and  Indian  red,  and  have  been  sculptured  into  archi- 
tectural forms  of  great  beauty.  The  less  brilliant  Jurassic  sandstones  resting  upon 
them  and  forming  the  upper  portions  of  the  bluffs,  serve  to  carry  the  eye  from  the 
rich  colors  below  to  the  dark  forest  of  pines  that  grow  above  and  to  the  still  more 
somber  precipices  of  the  great  tower  which  always  appears  in  bold  relief  against  the 
sky.     *    *    * 

The  shaft  of  the  column  is  composed  of  clustered  prisms  which  extend  from  base 
to  summit  without  cross  divisions.  These  prisms  are  usually  pentagonal,  although 
other  forms  are  not  uncommon.     *    *    *     Each  prism  tapers  somewhat  toward  the 

'  Nowtoii  and  Russell  both  describe  Little  Missouri  Buttes  as  three  in  number,  occupying  angles  of 
a  triangle.    There  are  four  distinct  hills,  occupying  corners  of  a  quadrilateral. 

-L.  V.  Pirsson  (Am.  Jour.  Sci.,  Vol.  XLVII,  1894,  pp.  341-346)  determined  these  rocks  to  be  phonolite 
rich  in  soda  feldspar. 

'Igneous  intrusions  in  the  neighborhood  of  the  Black  Hills  of  Dakota,  by  I.  C.  Hus.sell:  Jour.  Geol., 
Vol.  IV,  1896,  p.  32. 


JAGGAR.] 


BEAKLODGE    COMPLEX. 


255 


top,  and  near  its  upper  extremity  is  cracked  and  discolored  by  weathering.  At  the 
base  of  the  tower  the  columns  in  most  instances,  except  at  the  southeast  corner,  curve 
abruptly  outward,  and  at  the  same  time  increase  somewhat  in  size.  On  the  west  side 
they  become  nearly  horizontal.  *  *  *  Near  the  base  of  the  tower,  just  above  the 
treetops,  the  rock  loses  its  columnar  structure,  becomes  massive,  and  breaks  with 
an  irregular  fracture.  On  the  sides  of  the  tower  there  are  a  few  places  where  the 
lower  portions  of  individual  prisms  have  fallen  away,  leaving  the  upper  200  or  300 
feet  still  in  place.  In  such  instances  one  has  a  good  view  of  a  section  of  the  prisms, 
which  are  seen  to  be  four,  five,  or  six  sided.  Owing  to  the  abrupt  outward  curvature 
of  the  columns  at  the  west  base  of  the  tower,  the  fragments  that  have  fallen  from 
above  have  been  thrown  farthest  out  on  that  side  and  now  form  an  extremely  rugged 
talus  in  which  fragments  of  huge  columns  lie  piled  in  endless  confusion  one  on 
another,  suggesting  the  ruins  of  some  mighty  temple. 

Kortltioed  dope  of  Bearlodge  Range. — When  seen  from  a  distance, 
along  the  road  .southwest  of  Warren  Peaks,  the  Little  Missouri  Buttes 
are  more  prominent  than  Mato  Teepee;  they  rise  above  the  plains  in  a 


,Si^<tiu-3l!S4» 


Fig.  95.— Mato  Teepee  imd  Little  Missouri  Buttes  from  the  southeast. 

thronclike  mass  composed  of  four  prominent  dome-shaped  hills  (PI. 
XXXVII),  ])elow  which  the  tower  sinks  to  comparative  insignificance. 
The  valley  of  jMillcr  Creek  on  the  northwest  slopes  of  the  Bearlodge 
Range  is  cut  in  Jurassic  beds.  Porphyry  was  encountered  at  one 
place  on  the  road  ])etween  Sundance  and  Mato  Teepee,  a  fine-grained 
rhyolitc  occurring  apparently  as  a  sill.  The  most  prominent  outcrops 
on  Miller  Creek  are  mollusk  and  ])olemnite  beds,  a  smok}'  tine-grained 
limestone,  and  a  Avarm  reddish  wind-pitted  .sandstone,  which  forms 
prominent  cliffs  on  the  lower  courses  of  the  streams  that  drain  the 
northwtvst  flank  of  Bearlodge  Range,  The  Little  Missouri  Buttes 
rest  ui)()n  a  platform  of  Lower  Cretaceous  .sandstone,  which  forms 
a  long  terrace  east  of  them,  arid  this  terrace  stands  at  a  consider- 
able height  al)ove  the  base  of  Mato  Tcei)ce,  which  rests  upon  an 
oval  platform  of  Jurassic  shales,  8  to  4  miles  to  the  southeast  (tig,  95 
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and  PL  XXXVIII;  see  also  PI.  XVIII).  The  northwestern  slope  of 
the  Bearlodge  Range  is  long  and  gentle,  so  that  in  looking  up  to  the 
Warren  Peaks  from  this  side  one  would  not  suspect  their  height  a])ove 
the  surrounding  plains,  so  gradual  is  the  slope.  Seen  from  the  east  the 
Jurassic  sandstone  underlying  jVIato  Teepee  shows  a  distinct  synclinal 
sag  under  the  tower,  dipping  genth'  inward  on  either  side  of  the  mass 
of  talus  that  forms  a  long  slope  down  to  the  Belle  Fourche  l)ottom 
land  (fig.  95). 

LITTLE  MISSOl'KI    Hl'TTES. 

The  sediments  between  Mato  Teepee  and  Little  Missouri  Buttes  are 
in  general  horizontal,  showing  occasional  aberrant  dips  due  to  the 
washing  out,  from  beneath,  of  the  soft  red  beds,  and  sometimes  these 
dips  vary  widel}'  in  direction  and  amount  within  a  distance  of  a  hiuidred 
feet.  The  level  bench  of  horizontal  strata,  conspicuous  under  the 
Little  Missouri  Buttes,  is  composed  of  white  and  buff  sandstone  of  the 
Lower  Cretaceous;  and  at  the  eastern  foot  of  the  northeastern  butte, 
a  hundred  j-ards  from  the  base,  occurs  A^ellow  sandstone  dipping  gently 
west-southwest  under  a  rounded  hill  slope  covered  with  porph3'ry 
debris.  In  the  gulch  between  this  northeastern  peak  and  the  highest 
northwestern  butte  occurs  a  narrow  spur  consisting  of  red,  weathered, 
porous,  tuff-like  material,  much  decomposed,  carrying  coarse  fragments 
of  pink  granite,  3-ellow-red  sandstone,  coarse  Cambrian  sandstone,  and 
other  rocks,  in  a  vesicular  matrix,  of  which  but  little  is  present  in 
proportion  to  the  quantitj^  of  inclusions.  The  rock  resembles  the 
breccias  associated  with  the  Doadwood  and  Terry  porphyries  (p.  187). 
The  vesicles  are  largely  decomposition  cavities.  Bowlders  a  foot  or 
more  in  diameter,  of  granite  or  sandstone,  occur  scattered  over  the 
slopes  in  the  basin  area  inclosed  b}'  the  Little  Missouri  Buttes. 
From  the  summit  of  the  highest  peak  Cretaceous  strata  may  be  seen 
on  the  north,  northeast,  southeast,  and  south,  v^ery  near  the  porphyry. 
In  all  cases  the  bedding  appears  undisturbed  by  the  eruptives,  and  has 
a  slight  westerh'  dip.  The  four  buttes  arc  all  composed  of  porphyry. 
The  rock  on  the  summit  is  frequently  fused  at  the  edges  of  joint 
blocks  to  buff  porcelaneous  material,  probably  fulgurite  produced  by 
lightning.  The  Warren  Peaks  from  this  summit  are  more  impressive 
than  when  seen  from  lower  levels — culminating  long  slopes  which  rise 
gently  on  both  sides.  Far  to  the  northward  the  snowy  summits  of  the 
Bighorn  Range  may  be  descried.  Granite  fragments  were  included  in 
the  porph3"ry  mass  of  the  western  butte,  similar  to  those  found  in  the 
breccia  at  the  base  of  the  buttes.  The  northeastern  peak  shows  some 
columnar  structure,  with  almost  horizontal  columns,  the  pentagonal 
colunui  ends  projecting  from  the  face  of  the  rock.  There  are  also 
ledges  trending  north  and  south  which  stand  out  like  dikes  in  the 
clefts  of  the  rock  mass,  but  they  show  no'  evidence  of  being  litho- 
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logically  different.  The  spur  extending  southward  from  the  foot  of 
this  peak  is  covered  with  rounded  bowlders  of  coarse  granite,  trap, 
sandstone,  and  pegmatite,  though  none  of  these  occur  in  the  rocky 
takis  above,  at  the  foot  of  the  porphyry  wall;  evidently  the  breccia 
lies  under  the  porphyry. 

The  Little  Missouri  Buttes  are  four  in  number,  the  two  northern 
ones  being  the  highest  and  the  most  smoothly  rounded  in  form.  They 
are  arranged  at  the  corners  of  a  quadrilateral,  from  one-half  to  three- 
quarters  of  a  mile  apart,  and  the  porphyry  is  apparently  continuous 
through  the  whole  group  except  on  the  eastern  side,  where  a  stream 
has  cut  a  canyon  through  it  into  the  soft  agglomerate  that  underlies  it. 
This  agglomerate  occurs  within  the  area  of  the  Buttes  on  both  sides  of 
this  stream  and  south  of  the  southeastern  butte.  The  talus  slopes  mark 
the  contact  between  agglomerate  and  phonolite.  Fifty  feet  above 
the  gulch  between  the  two  eastern  buttes  occurs  buff  sandstone  show- 
ing a  dip  of  7°  directly  under  the  northeastern  butte,  nearly  due 
north.  The  same  sandstone,  practically  horizontal,  appears  under 
the  porphyry  mass  on  the  south  side  of  the  gulch.  As  the  soft 
agglomerate  occurs  at  the  base  of  the  several  hills,  especiall}-  in  the 
central  basin,  it  is  probable  that  the  presence  of  this  deep-cut  hollow 
in  the  midst  of  the  hills  is  due  to  its  less  resistant  character. 

That  the  porphyry  extended  formerly  over  a  much  wider  area  than 
is  now  shown  is  proved  by  the  presence  of  wide,  flat  accumulations  of 
coarse  porphyry  fragments  more  than  half  a  mile  from  the  Buttes 
west  and  northwest.  This  creeping  talus  of  weathered  rock  appears 
to  have  dammed  one  of  the  smaller  streams  on  the  southwest,  and 
there  a  small  pond  is  seen.  The  irregular  coarse  heaps  of  platy  shin- 
gle with  the  pond  in  their  midst  resemble  a  moraine.  A  singular 
curved  ridge  extends  from  between  the  two  southern  buttes  north- 
westward, consisting  of  igneous  rock;  below  it,  from  a  steep  cliff'  at 
its  western  end,  is  seen  a  ridge  trending  northeast  and  southwest  that 
resembles  a  dike.  It  is  probable  that  this  is  one  of  the  conduits  which 
erosion  is  beginning  to  reveal  beneath  the  porph}^-}-. 

The  Little  Missouri  Buttes  are  encompassed  by  streams  north, 
south,  and  west,  which  show  traces  of  radiation  and  irregularly  encir- 
cle the  porphyr}'  mass.  The  southern  stream  enters  the  Belle  Fourche 
at  an  abnormal  angle,  forming  with  it  a  barbed  junction.  The  Buttes 
reach  their  culmination  in  the  northwestern  peak,  which  was  deter- 
mined bj'  the  Newton  survey  to  rise  5,563  feet  above  the  sea.  The 
northeastern  hill  comes  next  in  height,  while  the  southern  ones  are 
more  elongate  and  lower.  Probably  the  high  northwestern  peak  bears 
the  same  relation  to  the  others  and  to  former  peaks  al)ove  the  wide 
western  talus  that  the  central  point  of  Custer  Peak  and  th<>,  Woodville 
Hills  bear  to  their  outliers  (see  pp.  274,  277). 
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MATO  TKKl-KK. 

Uralncu/c. — Mato  Teepee,  on  careful  examination,  exhibits  many 
laccolithic  characters,  while  in  detail  it  shows  close  geologic  rela- 
tionship to  Little  ]\Iissouri  Buttes.     A  stream  encircles  the  tower  on 


1 

!. 

. 

31 

1? 

/\ 

'   1 

If 

n 

1 

II 

f  ? 

/s 

1 

li 

iy 

Fig.  96.— Radial  cross  sections  from  Mato  Teepee. 

the  north,  taking  its  rise  in  a  basin  under  the  Lower  Cret£  ceous  bench. 
A  similar  stream  encircles  the  southern  end  of  the  Jurassic  platform, 
the  divide  between  the  two  streams  being  a  gently  sloping  sinuous 
ridge  that  extends  to  the  foot  of  the  Little  Missouri  bench.  This 
bench,  with  the  spurs  that  run  out  from  it  northeast  and  south,  is 
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sino;ularly  symmetrical  (as  shown  on  the  map  and  in  fig.  95)  in  the  way 
in  which  it  forms  a  semicircle  about  Mato  Teepee  as  a  center.  To  the 
east  of  the  tower  the  Belle  Foiirche  trunk  stream  has  moved,  probably 
by  monoclinal  shifting-,  down  the  gentle  west  dip  of  the  soft  Red  Beds 
directly  to  the  base  of  the  tower,  and  its  action  is  undercutting-  the 
Jurassic  platform  in  a  straight  line  parallel  to  the  strike  of  the  Mesozoic 
beds  as  a  whole. 

Stratigraphy. — Mato  Teepee  is  underlain  by  Jurassic  beds  strati- 
graphically  and  topographically  lower  than  those  on  which  the  Little 
Missouri  Buttes  rest.  The  latter  loom  to  the  westward  high  above 
the  tower,  resting-  upon  the  Lower  Cretaceous  sandstones  which  form 
the  long  horseshoe  bench,  the  top  of  which  is  on  a  level  with  a  point 
not  far  below  the  top  of  the  tower. 

A  hundred  yards  northwest  of  the  tower,  following  the  narrow 
divide  between  the  encircling  streams,  a  white  fine-grained  quartzite 
outcrops  in  the  characteristic  greenish  soil  of  belemnite  shale  (fig.  96). 
A  hundred  3'ards  farther  west  along  the  divide  a  shell  bed  {Tan- 
credia)  occurs,  carrving  concretions  and  dipping  due  south  about  48°. 
Above  and  below  are  green  shales,  and  the  strike  of  the  outcrop  seems 
to  curve.  A  little  farther  west  03^ster  beds  appear,  dipping  34°,  N. 
35°  W. ;  but  these  beds  followed  west  along  the  strike  become  more 
nearly  horizontal  under  the  Little  Missouri  bench  of  horizontal  strata. 
At  the  foot  of  this  bench  are  green  and  purple  clays  capped  by  buff' 
sandstone.  A  section  up  the  slope  shows  progressively  green  shales, 
oyster  beds,  red  clays,  a  second  green  shale  bed  carrying  many  large 
belemnites,  and  then  thick  ])uff  sandstone  of  slight  northerly  dip.  The 
greater  part  of  the  bench  is  made  up  of  white  and  ])uft'  Lower  Cre- 
taceous sandstones.  The  oyster  beds  mentioned  mav  be  followed  along 
the  base  of  the  cliff',  showing  dips  varying  from  NNW.  at  a  ver}"  high 
angle  (45°)  to  SW.,  NW.,  SE.,  all  in  a  distance  of  a  few  hundred  feet. 
Such  variations  are  entirely  localized  and  independent  of  the  general 
structure  of  the  Jurassic  strata  of  the  region,  and  the  most  careful 
examination  of  the  localities  Avhere  these  aberrant  dips  were  found 
failed  to  show  any  evidence  of  disturbing  igneous  intrusions  or  other 
sources  of  violent  deformation.  It  is  believed  that  these  dips  are 
induced  locally  l)y  erosion,  the  soft  red  beds  being  washed  out  from 
beneath  in  the  adjacent  gulches. 

The  accompanying  sections  (fig.  90)  show  the  structure  of  the  platform 
beneath  Mato  Teepee,  which  in  general  consists  of  level-bedded  Juras- 
sic sandstone,  marls,  shale,  and  quartzite;  any  variations  from  hori- 
zontality  being  rather  of  the  nature  of  dip  toward  the  tower  than  away 
from  it  (PI.  XXYIII).  This  again  is  prol)ably  due  to  the  great  weight 
of  the  tower  pressing  down  the  beds  and  s(]ueezing  out  the  soft  red 
clays  that  have  been  exposed  by  erosion  in  the  encircling  valleys.  N. 
25°  W.  from  the  tower  about   l.OOO  yards  occur  two  (iuaT-tzit(>  ridges 
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showing  .scattered  fragments  of  quartzite  on  the  side  toward  the  tower, 
but  without  sufficient  outcrop  to  give  clear  evidence  of  dip.  About 
the  same  distance  N.  55^  W.  in  the  gulch  the  buff  standstone  appears, 
dipping  2^^  due  north.  Two  hundred  yards  due  north  of  the  tower 
there  is  an  outcrop  of  quartzite  very  fine  in  texture,  so  as  to  appear 
almost  like  flint,  of  gray  color,  with  a  vertical  lamination  trending 
east  and  west,  and  2i)  yards  nearer  the  tower  adjacent  to  the  quartzite 
occurs  a  large  mass  of  porphyry  that  appeal's  to  be  an  outcrop.  On  a 
small  knoll  N.  75°  E.  of  the  tower,  only  30  yards  from  the  porphyry 
talus,  directlv  at  the  foot  of  the  great  basal  bench,  there  is  an  out- 
crop of  quartzite  carrying  fossil  fragments  of  silicitied  wood,  and  this 
quartzite  is  abundant  here  in  the  tangled  roots  of  fallen  trees,  indicat- 
ing that  this  bed  is  tlie  uppermost  member  of  the  Jurassic  strata  that 
underlie  the  eruptive  mass.  If  there  were  any  upturning  aljout  a 
vent  there  would  be  lower  beds  exposed  here.  This  quartzite  undoubt- 
edly occurs  higher  than  the  belemnite  shales  that  cover  the  ridge  on 
the  southern  side  of  the  tower.  The  quartzite  varies,  in  places  con- 
sisting of  distinct  clastic  grains,  and  elsewhere  being  of  tinc-grained 
aphanitic  texture.  The  platform  bench  northeast  of  the  tower  is  not 
so  long  as  on  the  southwest  side.  It  extends  northwest  for  some  2,000 
yards,  and  the  greenish  })elemnite  shales  hero  crop  out  below  the 
quartzite.  In  a  large  ant-hill  composed  of  coarse  grit  were  found 
many  small  fragments  of  young  belemnites.  The  best  point  of  view 
for  observing  the  synclinal  sag.  under  the  tower,  of  the  ])uff  Jurassic 
.sandstone  that  is  the  piincipal  clitf  maker  in  the  bench  is  the  road  near 
Ryan's  ranch,  on  the  eastern  side  of  the  Belle  Fourche  Valle}'.  From 
this  point  the  great  talus  of  porphyry  fragments  that  extends  from 
the  tower  to  the  very  border  of  the  stream  may  be  best  observed,  and 
on  either  side  the  sandstone  is  seen  to  dip  inward  gently,  forming  a 
V-sha])ed  sag  of  wide  angle  in  which  the  apex  is  immediately  below 
the  great  columns. 

The  Jurassic  section  is  approximately  as  follows,  from  the  tower 
down: 

Quartzite. 

Tancredia  limestone. 

Smoky,  fine-grained  limestone, 

Belemnite  shales. 

Oyster  bed. 

Bluff  of  tender  buff  sandstone  (sometimes  pink). 

C4reen  shales. 

Thick  shell  bed,  forming  a  hard  band. 

Buff  marl. 

(iypsiferous  red  beds  (marl). 

Structure  of  the  toicer.— The  tower  is  sharply  divided  at  a  point 
more  than  a  third  of  the  distance  from  base  to  summit  l>y  a  line  that 
marks  the  beginning  of  the  columns  and  a  bench  formed  by  the  upper 
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limit  of  the  massive  uncolumnar  base.  This  massive  lower  portion  is 
jointed  variously,  showing  sometimes  a  flat,  vertical,  rough  lamellar 
parting  and  in  other  places  irregular  joints  (PI.  XL).  It  contains  not  a 
trace  of  the  perfect  colunmar  habit  of  the  upper  portion,  which  is  seen, 
however,  to  merge  into  the  lower  portion  locally  where  the  columns 
curve  out  and  are  lost  in  the  massive  bench.  On  the  SSW.  corner  the 
basal  mass  rises  to  a  height  of  from  40  to  50  feet  above  the  talus, 
and  a  narrow  columnar  band  resembling  a  dike  extends  downward 
and  outward  into  the  base  from  the  curved  lower  portion  of  the  upper 
columns.  This  band  is  about  40  feet  wide.  Seen  from  this  side  the 
upper  columns  slope  back  about  4°  or  5°  from  the  vertical  on  the 
western  side  of  the  tower  and  10^  to  12°  on  the  eastern  side.  On 
the  southwest  face  of  the  tower  the  columns  make  a  curve  outward,  of 
long  radius  in  a  western  direction  at  the  base,  ending  in  a  horizontal 
position  at  the  bench  that  marks  the  top  of  the  massive  base.  This 
base  or  pedestal  extends  all  around  the  tower  and  is  nowhere  entirely 
concealed  under  debris.  The  columns  are  marked  horizontally  by 
faint  ridges  or  swellings  that  give  to  the  rock  locall}^  an  appearance 
that  resembles  bedding.  This  is  most  marked  in  the  upper  quarter, 
where  there  are  a  number  of  overhanging  columnar  masses  left  with- 
out support  below  because  the  straight  and  upright  lower  portions 
have  fallen  out,  leaving  clinging  remnants  above.  The  upper  part  is 
cross  jointed  and  irregularly  cracked,  as  though  more  weathered. 
The  whole  mass  has  a  yellowish-green  color,  produced  by  lichens. 
The  summit  is  flat  above  and  slopes  gently  on  the  eastern  side,  falling 
oflf  at  a  sharp  angle  on  the  extreme  east  corner  and  becoming  vertical 
below.  The  western  face  is  a  vertical  columnar  cliff  to  the  highest 
summit.  Many  of  the  columns  appear  in  places  to  be  large  hexagonal 
or  octagonal  masses  above,  but  where  broken  awa}^  below  a  single 
column  becomes  divided  into  a  double  or  triple  fluting  that  reseml)les 
a  gothic  pillar  composed  of  independent  pentagonal  pieces.  Many  of 
the  columns  unite  above  to  a  single  larger  column,  in  groups  of  two 
or  three,  precisely  like  solidifled  columnar  starch.  On  the  south  side 
the  columns  diverge  downward  east  and  west,  with  straight  medial 
members  (PI.  XXXIX).  The  base  of  the  eastern  curving  columns  is 
here  overlapped  by  massive  shells  or  lamina?. 

Single  columns  found  scattered  in  heaps  about  the  outer  margin  of 
the  talus  at  the  base  of  the  tower  average  6  feet  in  diameter  and  have 
pentagonal  or  weathered  roundish  cross  section.  In  one  place  a  single 
column,  resting  in  its  niche  on  the  tower's  face,  was  seen  to  be  divided 
into  five  separate  blocks,  like  a  masonry  ])illar,  and  this  was  supported 
below  by  a  half  column,  split  longitudinally,  occupj'ing  a  downward 
continuation  of  the  same  niche.  In  another  case  seven  columns, 
together  in  a  bunch,  had  fallen  away  below,  but  were  still  clinging 
above.     The  rock  that  forms  the  massive  base  was  carefully  (>xamined 
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at  many  points  in  compai'ison  with  the  rock  of  the  fallen  columnar 
fragments,  and  no  positive  difference  in  texture  could  be  seen.  The 
rock  was  carefully-  examined  for  inclusions,  and  some  basic  aggregates, 
large  broken  feldspar  masses,  and  a  substance  resembling  diorite  were 
found  embedded  in  the  coarse  porphyry,  but  no  granite  or  other  rocks 
characteristic  of  the  agglomerate  were  found  in  the  Mato  Teepee  por- 
phyry, though  large  granite  fragments  are  quite  abundant  in  the 
porphA'r}'  of  the  greater  peak  of  Little  Missouri  Buttes. 

^[ato  Teepee  agglomerate. — At  the  foot  of  the  tower  on  the  WSW. 
side,  immediately'  below  the  main  talus  and  encircled  by  porphyry  talus 
slides,  is  a  small  rounded  grass}'  hill  strewn  with  rounded  subangular 
or  irregular  fragments  of  granite,  limestone,  Jurassic  sandstone,  Cam- 
brian quartzite  and  glauconitic  sandstone,  purplish  rhyolite,  a  little 
slate  or  schist,  black  shales  of  two  varieties,  flint,  and  coarse  pegma- 
tite. This  extraordinary  accumulation  of  fragments  was  found  to  ])e 
an  agglomerate  similar  to  the  one  that  underlies  the  porphyry  of  the 
Little  ^Missouri  Buttes.  It  here  outcrops  only  in  this  small  elliptical 
spur  or  hill,  about  150  yards  in  length,  trending  S.  72°  W.  from  the 
tower,  and  completely  surrounded  by  bowlder  slides  of  talus  material 
that  unite  below  the  foot  of  the  agglomerate  hill  and  extend  down  the 
gulch  into  the  valley.  How  nmch  more  of  this  agglomerate  may  be 
present  under  the  talus  it  is  impossible  to  say;  but  it  is  significant  that 
on  the  opposite  side  of  the  tower  the  Jurassic  quartzite  is  found  to 
within  a  stone's  throw  of  the  foot  of  the  steep  talus,  and  no  trace  of 
the  agglomerate  occurs,  nor  was  this  agglomerate  found  anywhere  else 
about  the  tower.  A  trench  was  excavated  in  the  hill  in  order  to  o))tain 
specimens  of  all  the  fragments  and  of  the  matrix,  the  last  appearing  to 
be  a  decomposed  porphyry.  The  most  conspicuous  fragments  of  the 
agglomerate  are  granite,  in  either  rounded  or  angular  forms,  varying 
in  size  from  small  pe])bles  to  bowlders  1  or  2  feet  in  diameter.  The 
rounded  fragments  have  a  somewhat  faceted  character,  unlike  the 
smooth  polish  of  stream-rolled  material.  A  limestone  bowlder  of 
characteristic  Carboniferous  habit,  containing  spirifers  and  other  fos- 
sils, about  a  foot  in  diameter,  was  found  to  be  encased  in  a  shell  half 
an  inch  thick,  which  could  be  l)roken  away,  parting  smoothly  from  the 
rounded  surface  beneath,  as  though  the  mass  had  been  subjected  to 
calcination  by  heat.  Except  for  the  greater  variety  of  contained  frag- 
ments, this  agglomerate  is  essentially  like  the  one  found  in  the  Little 
ISIissouri  Buttes  and  those  of  the  eastern  laccoliths.  Excursions  were 
made  over  sections  through  the  platforai  in  directions  radial  to  the 
tower  as  a  center,  south,  southwest,  west,  northwest,  northeast,  east, 
and  southeast,  and  also  completely  around  the  foot  of  the  tower  and 
up  to  the  top  of  the  massive  pedestal  in  two  places,  without  discovei-- 
ing  any  other  outcrop  of  the  agglomerate.  Some  of  the  sandstone 
formation-,  represented  in  the  agglomerate  have  a  crust  in  which  no 
individual  sand  grains  can  be  seen,  and  this  appears  to  be  the  product 
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of  fusion.  West  and  northwest  of  the  ag-glomerate  hill  Jurassic  strata, 
showing  horizontal  bedding,  outcrop  in  the  gulch,  and  apparently-  lie 
directly  beneath  the  weathered  agglomerate. 

On  the  southern  end  of  the  platform  a  hundx-ed  yards  from  the  l)ase 
of  the  tower  there  is  a  wide,  flat,  rounded  porphyry  knoll,  exposing 
some  30  to  40  feet  of  surface  that  appears  to  be  an  outcrop  in  place. 
S.  35^  E.  from  the  tower,  at  a  distance  of  30  feet,  there  is  a  faint 
swell  or  ridge  in  the  talus,  and  an  exposure  of  massive  porphyry 
forming  a  steep  cliflf.  This  also  shows  every  evidence  of  being  in 
place.  The  faint  elevation  here  observed  in  the  accumulated  jumble 
of  bowlders  at  the  tower's  base  seems  to  be  a  persistent  character  on 
all  sides,  the  fragments  forming  an  ill-detined  annular  ridge,  separated 
from  the  wall  talus  at  the  base  of  the  tower  by  a  faint  depression  20 
to  3<»  yards  in  Avidth.  It  is  proba})lc  that  this  ridge  has  been  pro- 
duced ])y  the  rebound  of  large  fragments  striking  the  pedestal  or  the 
wall  talus  and  being  forced  outward  so  as  to  fall  in  a  ring  awa}'  from 
the  immediate  base  of  the  mass.  It  is  noticeable  that  the  fragments 
of  cohimnar  material  are  more  abundant  in  this  outer  ridge,  while  the 
inner  talus  is  composed  of  flakes  from  the  pedestal  and  smaller  blocks 
of  irregular  form.  This  is  to  bo  expected,  as  the  huge  columns  fall- 
ing from  a  height  and  meeting  obstruction  in  the  projecting  pedestal 
necessarily  must  bound  or  roll  away  for  some  distance  (PI.  XL). 
It  must  not  be  imagined,  however,  that  this  arrangement  is  in  any 
sense  S3^mmetrical  or  e\'en  striking,  for  the  jumble  of  bowlders  is  in 
many  places  confused  and  entirel}^  disorderly. 

The  iNlato  Teepee  agglomerate  contains  in  abundance  two  varieties 
of  carbonaceous  shales,  the  one  breaking  in  small  rectangular  blocks 
of  dark  gray  (^olor,  the  other  in  soft,  flat,  coaly  laminie.  Such  shales 
are  not  known  to  the  writer  below  the  Lower  Cretaceous  and  Benton, 
terranes  which  are  .^tratl(jraphlc(dhj  higher  thdii  the  jrresent  location  <>f 
the  h'evcid.  This  is  ver}'  strong  evidence  in  favor  of  the  Mato  Teepee 
intrusion  being  an  oft'shoot  from  the  Little  Missouri  Huttes,  for  the 
latter  were  probal)ly  intruded  in  Benton  carbonaceous  shales.  The 
identity  of  the  Little  Missouri  and  Mato  Teepee  breccias  is  unques- 
tionable; they  contain  the  same  kinds  of  fragments,  and  their  matrices 
are  not  essentially  ditterent.  The  matrix  of  the  Mato  Teepee  breccia 
is  too  soft  for  slicing;  the  powder  under  the  microscope  resembles  a 
granite  arkose,  and  granitic  material  is  most  abundant  among  the 
coarser  fragments.  This  granite,  1)rought  up  from  the  depths,  is 
either  Archean  or  an  intrusive  in  the  Algonkian.  It  is  diflerent 
from  the  Nigger  Hill  oi-  Harney  granites,  and  resembles  rather  the 
Archean  granites  of  the  Rocky  Mountains.  The  powder  carries 
much  kaolin,  quartz  grains,  brown  mica,  and  occasional  transparent 
feldspar  flakes.  Th«;  (luartz  grains  aie  ])r()ken  or  have  a  faceted  sur- 
face, suggesting  corrosion. 

Little  J/issaurl  axjglomeniti-. — The   Little    Missouri  agglonifrate   is 
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suflBciently  hard  for  thin  .slicing.  The  microscopic  section  shows  small 
angular  fragments,  reaching  a  maximum  of  1  to  2  millimeters  in  diam- 
eter, of  quartz,  orthoclase,  microcline,  pieces  of  line-grained  porph3'ry 
with  ivgirine,  magnetite,  and  calcite,  in  an  earth}-  brown  groundmass. 
The  groundmass,  when  examined  under  a  high  power,  is  seen  to  con- 
sist of  a  nearl}'  isotropic  base  with  specks  of  brown  iron  oxide.  Here 
and  there  transparent  portions  of  the  base  show  a  faint  felty  polariza- 
tion. Ferromagnesian  constituents  in  general  are  not  preserved;  there 
are  one  or  two  doubtful  cases  that  may  be  idiomorphic  outlines  of  an 
original  hornblende  or  augite  crystal,  preserved  b}'  paramorphic 
masses  of  calcite.  The  thin  section  shows  no  evidence  of  true  vesic- 
ular structure.  The  hand  specimen  is  verv  porous,  but  this  is  due  to 
the  dissolving  out  by  weathering  of  carbonates,  etc.,  from  pseudo- 
amygdules.  probably  largely  marking  the  loci  of  former  l)isilicates. 

Eri(hnct'.sf()r  htccolithlc  origin  of  2Lit(>  lWj>c<\ — It  is  probal)lo  that 
these  breccias  were  the  tirst  and  most  fluid  injections  of  a  magma 
which  rose  rapidly  and  with  some  violence  through  fractures  from 
Algonkian  to  Cretaceous.  The  conduits  were  dikes  now  nearlj-  con- 
cealed under  the  Little  Missouri  Buttes.  The  laccolith  spread  south- 
eastward in  Benton  shale,  met  an  opposing  northwest  dip  off  the 
Warren  Peak  flanks,  liroke  downward  thi'ough  the  Lower  Cretaceous 
sandstone,  and  formed  a  subordinate  Mato  Teepee  laccolith  in  soft 
Jurassic  .strata.' 

Seen  from  the  valley  of  the  Belle  Fourche,  at  the  l)ase  of  the  tower 
on  the  south  (PI.  XXXIX).  the  Jurassic  sti'ata  hcnoath  the  tower 
appear  absolutely  horizontal.  These  strata  are  massive  buff'  sandstone 
above,  and  days,  marls,  and  limestones  below.  The  columns  from 
this  point  of  view  show  best  theii"  tendency  to  flare  outward.  As  this 
flaring  is  symmetric  rather  to  a  point  within  the  tower  than  to  an  axial 
direction,  it  is  proliable  that  the  tower  represents  nearly  th(>  center  of 
the  original  lens. 

The  massive  base  bears  the  same  relation  to  the  columns  as  the 
medial  portion  of  the  dikes  flgured  in  PI.  XXXIII.  Were  it  exactly 
the  equivalent  of  the  dike,  we  should  expect  other  columns  below,  the 
massive  portion  being  in  the  middle.  It  is  probable  that  the  presence 
of  a  muddy  breccia  as  a  lowest  stratum  for  the  laccolith  interfered 
with  the  development  of  basal  columns,  and  probably  also  the  action 
of  gravitation  makes  the  contraction  expend  itself  less  symmetricall,y 
in  a  horizontal  lens  than  in  an  upright  dike.  The  present  upper  sur- 
face of  Mato  Teepee  is  smooth  and  possibly  represents  nearly  the  actual 
upper  contact,  from  which  the  shales  have  been  weathered  away. 

The  geologic  section  (PI.  XXXVIII)  shows  an  ideal  reconstruction 

Mmld  has  figured  a  sill  of  basalt  in  Skye,  which  breaks  downward  across  strata  after  spreading 
along  a  higher  horizon.    Volcanoes;  Internal.  Sei.  Series,  Appleton,  1881,  fig.  ."iB. 


JAOGAR.]  MATO    TEEPEK.  285 

of  the  original  laccolithic  masses.  Mato  Teepee  was  simply  a  sill  or 
subordinate  lens  from  the  Little  Missouri  Buttes  laccolith.  The 
encircling  drainage  favors  the  hypothesis  that  the  Mato  Teepee  mass 
was  lenticular,  so  that  streams  became  adjusted  about  the  peripheral 
slopes.  Po-ssibl}'  the  conduits  of  Little  Missouri  Buttes  were  inclined 
to  the  east  from  the  vertical,  so  as  to  inject  the  magma  in  the  direction 
of  Mato  Teepee.  The  injection  was  thus  eastward,  toward  Warren 
Peaks — i.  e.,  in  the  same  direction  as  those  which  formed  the  Sun- 
dance Hills,  on  the  opposite  side  of  the  Bearlodge  Range.  Injected 
southeast  through  beds  gently  dipping  awav  from  Warren  Peaks,  the 
spreading  igneous  rock,  as  usual,  truncated  bedding  planes  obliqueh', 
so  that  the  tirst  injections  charged  with  brecciated  material  reached  the 
Mato  Teepee  region  at  a  horizon  lower  than  that  of  the  conduit.  The 
soft  breccia  probably  had  its  greatest  development  in  the  region  between 
Mato  Teepee  and  the  Little  Missouri  Buttes,  hence  those  portions  of 
the  laccolithic  mass  occupying  this  intermediate  region  were  the  first 
to  be  eroded  away.  The  presence  of  this  undermining  breccia 
accounts  for  the  steep  walls  of  Mato  Teepee  and  Little  Missouri 
Buttes.  It  is  probable  that  the  persistence  of  Mato  Teepee  at  all  is 
due  to  the  fact  that  it  represents  the  most  perfectly  columnar  poi-tion 
of  the  original  laccolith,  and  the  spread  of  the  columns  at  the  base  is 
ai'chitecturally  necessary  for  the  maintenance  of  the  shaft.  The  tower 
mav  thus  be  considered  a  geological  case  of  "survival  of  the  fittest." 

The  proofs  that  Little  Missouri  Buttes  were  the  main  laccolith  of 
which  Mato  Teepee  was  a  subordinate  offshoot,  may  be  summarized  as 
follows:  The  Little  Missouri  Buttes  form  the  larger  mass  today, 
encircled  by  the  larger  streams,  and  show  evidence  of  conduits  beneath 
in  the  shape  of  dike  ridges,  a  large  mass  of  breccia  at  the  base,  irreg- 
ular and  horizontal  cohunns,  and  inclusions  of  granite  in  porphyry. 
Mato  Teepee  shows  evidence  of  smaller  size  and  lenticular  form  in  the 
arrangement  of  the  smaller  encircling  streams,  and  shows  only  a  little 
of  the  breccia  at  the  base,  and  that  on  the  side  of  the  Little  Missouri 
Buttes;  the  breccia  contains  fragments  of  black  shale  from  the  Little 
Missouri  Buttes  horizon;  the  vertical  columns  give  evidence  of  an 
extended  hoi'izontal  upper  cooling  surface,  and  the  Jurassic  beds  below 
give  evidence  of  a  horizontal  basement;  flat  porph3'ry  outcrops  on  the 
Jurassic  platform  give  evidence  of  former  greater  horizontal  extension 
of  the  Mato  Teepee  porphyry;  entire  absence  of  dikes  or  deformed 
sediments  indicates  that  the  porphyry  came  into  its  present  ])()sition 
through  lateral  conduits  from  the  greater  mass. 

Othi'i'  /u/j)ot/i.esex. —There  are  three  other  hypotheses  for  the  origin 
of  Mato  Teepee  that  should  be  tested:  (1)  May  the  conduit  be  in  the 
slopes  of  the  Bearlodge  Range  to  the  southeast?  (2)  May  these 
eruptives  be  extrusive  lavas  i  (3)  May  the  conduit  lie  beneath  the 
tower  ^     With  regard  to  the  flrst  possibility,  the  slopes  of  the   Bear- 
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lodge  Range  were  crossed  in  two  directions  by  the  writer  and  no 
trace  of  igneous  rock  of  the  Mato  Teepee  type  was  found.  There 
are  undoubted!}'  sills  in  Jurassic  strata  far  up  the  slopes,  near  the 
Warren  Peaks,  but  the  rock  shows  no  resemblance  to  that  of  Mato 
Teepee,  and  the  distance  is  at  least  10  miles.  The  same  strata  recur 
between,  without  intrusions.  The  second  alternative  may  be  quickly 
dismissed  as  unworth}'  of  serious  consideration.  The  only  feature 
resembling  an  extrusive  lava  is  the  Little  Missouri  breccia.  Similar 
porous  breccias  occur  in  twentv  places  in  the  Deadwood  and  Torr}^ 
districts  associated  with  unquestionable  intrusives.  The  rock  of  Mato 
Teepee  is  similar  to  many  phonoliies  in  the  Terry  district  that  were 
unquestionably  pre-Oligocene,  and  if  the  Mato  Teepee  laccolith  was 
contemporaneous  with  them  it  was  covered  by  at  least  4,000  feet  of 
strata  at  the  time  of  its  injection.  The  evidence  from  physiography, 
from  petrograph}-,  and  from  geolog}'  points  to  intrusive  origin.  The 
third  (piestion  has  been  answered  in  the  last  paragraph;  the  most  con- 
clusive evidences  against  a  subjacent  conduit  to  the  Mato  Teepee  mass 
are  the  presence  of  black  shales  in  the  agglomerate,  the  undistur])ed 
horizontal  beds  which  the  tower  rests  upon,  and  the  vertical  columns. 


(CHAPTER    I  IT. 

PIIYSIOGRAPIIK'    FOIIM    OF    KKODEI)    J)()MKS. 

There  are  few  localities  where  the  consisteiiey  of  individual  strata  so 
obviously  produces  characteristic  erosion  forms  as  in  the  Black  Hills. 
Attention  has  been  called  to  the  characteristic  l)enches  or  taluses, 
escarpments  or  valleys,  that  lielong  to  each  formation.  Hard  rocks 
make  the  mountains;  soft  rocks  make  the  valleys;  the  great  plains, 
relatively  a  lowland,  are  composed  of  ver^-  gently  dipping  soft  rocks. 
In  order  to  trace  out  the  history  of  present-day  topographic  forms 
produced  hj  laccolithic  intrusions,  the  important  geologic  features  to 
be  considered  are  distribution  of  hard  and  soft  strata,  their  thickness 
above  the  eruptives  at  the  time  of  intrusion,  the  effect  of  that  inti-usion 
on  the  initial  surface,  and  the  relation  of  intrusion  to  the  greater  uplift 
that  initiated  oi-  modititKl  the  greater  drainage. 

DISTRIBUTION   OF  HARD   AND   SOFT   STRATA. 

Distribution  of  liaid  and  soft  strata  in  vert  .olunin  (lig.  00  and 
PI.  XIX)  has  already  been  discussed  in  connection  with  the  selective 
action  of  intrusive  magmas,  which  spread  most  easil}'  along  the  shales. 
The  members  '•  competent''  to  resist  deformation  are  ecpially  compe- 
tent to  resist  erosion.  The  porphj-r}'  itself  is  perhaps  most  resistant; 
next,  the  great  limestone;  third,  the  Permian  limestone  (Minnekahta), 
a  wonderfully  persistent  scarp  maker,  despite  its  thinness.  Both  the 
Minnelusa  and  Juia-(^retaceous  formations  make  hills  and  ridges,  and 
Niobrara  lim(>st<)iie  forms  conspicuous  buttes  above  the  soft  shales  of 
the  plains. 

Between  the  hard  members  occur  soft,  erodil>l(i  shales  which  progres- 
sively increase  in  thickness  upward  concomitantly  with  a  similar 
decrease  in  the  hard  beds.  Above  the  Cambrian  shale  horizon  of  intru- 
sion there  are  in  general  three  strong,  hard  members  and  three  soft. 
The  hard  ones  are  the  Siluro-C'ari)<)niferous  (!>(»()  to  1,5()()  feet),  Jura- 
Dakota  ((UK)  to  1,(»(»»  feet),  and  Xiobraia  (.5(K)  feet);  the  soft  members 
are  the  Permo-Trias  (:^(i(»  to  4(K)  feet),  Benton  (')()()  to  800  feet),  and 
Pierre  (2,000  feet),  and  above  are  incohc'-ent  Upper  Cretaceous  and 
Laramie  beds. 

The  thickness  of  strata  abovt^  the  iiitrusives  (p.  IS;"))  may  Imve  l)een 
between  5,000  and  8.00(t  feet,  if  the  intrusion  took  place  in  Eocene 
time,  and  it  has  been  shown  that  geologic  evidence  favors  uplift  of  the 

2 1  t ;  K« )L,  I'r  :•)— <  •  1 1 !»  '^*''' 
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Black  Hills  at  the  same  time.  Some  deformation  by  folding  took 
place,  and  this  was  complicated  by  the  porphyries  into  what  may  be 
apth'  called  pustular  deformation,  to  use  Newton's  word,  without, 
however,  implying  superficial  action.  The  igneous  bodies  were  sepa- 
rated b}"  interdome  synclines  with  axes,  in  man}'  cases,  trending  radial 
to  the  greater  Black  Hills  uplift. 

UPWARD   ABSORPTION   OF  DOME   FLEXURE. 

From  the  elongate  oval  or  elliptical  dome  of  the  Black  Hills  that 
extended  for  more  than  100  miles,  warping  up  Cretaceous  and  perhaps 
earlv  Tertiary  strata,  streams  poured  down  the  slopes  and  flowed  away 
to  the  sea,  from  the  moment  the  arch  was  exposed  to  rainfall.  Such 
streams  had  courses  radial  to  the  uplift,  consequent  upon  the  initial 
slopes.  If  there  was  no  actual  initiation  of  drainage,  and  the  uplift 
went  on  pari  passu  with  the  erosive  action  of  an  already  existent  river 
system,  the  evidence  from  the  present  drainage  shows  nothing  to 
prove  it.  The  most  conspicuous  features  of  the  greater  streams  at 
the  present  time  are  their  avoidance  of  the  uplift  and  their  deflection 
around  it  north  and  south,  the  radial  courses  of  the  streams  which  rise 
within  the  uplifted  area,  and  the  deeper  erosion,  into  the  flanks  of  the 
dome,  of  the  eastern  streams — i.  e.,  streams  of  greatest  fall  from  source 
to  junction  with  the  Platte  and  Cheyenne  rivers.  To  what  extent 
were  the  first  consequent  streams  influenced  by  dome-shaped  masses 
of  intrusive  rock  in  strata  6,000  feet  below  them? 

In  diagnimmatic  reconstruction  of  domed  strata  the  beds  are  usually 
represented  as  maintaining  uniform  thickness  around  the  bends.*  The 
same  rule  is  frequently  followed  in  representations  of  folded  strata. 
It  will  readily  be  seen  that  such  construction  entails  radial  enlarge- 
ment of  a  fold  transmitted  from  a  thin  stratum  below  to  a  thick  one 
above;  logically,  with  such  construction,  the  upper  stratum  will  have 
greater  dip  length  than  the  lower  one,  and  is  so  represented.  In  other 
words,  a  small  curve  in  the  depths  can  be  constructed  to  transmit  a 
great  curvature  to  the  surface  a  thousand  feet  above.  Certainly  such 
a  construction  has  no  foundation  in  observed  fact.  In  miniature  and 
on  a  large  scale  folds  diminish  in  size  upward  by  lateral  absorption  of 
motion.  Willis  has  shown  that  the  transmission  and  size  of  a  fold  are 
dependent  on  the  rigidity  and  thickness  of  strata  involved.  Massive 
limestones  under  load  bend;  thin-bedded  shales  flow,  fault,  and  crum- 
ple. Shales  involved  in  and  above  a  dome  of  limestones  pushed  up 
from  below  become  stretched  and  thinned  on  the  arch,  while  they 

>  Geology  of  the  Henry  Mountains,  by  G.  K.  Gilbert,  1880;  frontispiece,  figs.  8,9,18,73. 

Cross  sections  showing  Mount  Holmes  bysmalith,  by  J.  P.  Iddings:  Men.  U.  S.  Geol.  Survey,  Vol. 
XXXII,  Part  II,  PI.  V;  Jour.  Geol.,  Vol.  VI,  1898. 

Contra.?t  with  these  Hesperus  Mountain  and  La  Plata  Mountains,  W.  H.  Holmes:  Hayden  Survey, 
187.'5,  PI.  XLV,  opposite  page  271.  Holmes  clearly  perceived  the  tendency  of  domical  curvature  to 
diminish  upward. 
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thicken  and  crumple  in  the  sag.  In  soft  clays  there  is  probal)l\'  a 
certain  amount  of  squeezing  flow.  Evidence  that  such  thinning  of 
clays  over  laccolithic  arches  actually  took  place  is  abundantly  shown 
in  the  crushed  Red  Beds  on  the  flanks  of  Elkhorn,  Crook  Mountain, 
Crow  Peak,  and  Bear  Butte.  The  result  of  such  failure  of  soft  beds 
to  transmit  doming  is  a  gradual  dying  out  of  the  dome  upward 
(figs.  75  and  98),  in  the  same  way  that  a  monoclinal  or  anticlinal  fold 
or  a  fault  may  die  out.  The  rapidity  of  absorption  will  depend  upon 
the  softness  of  upper  beds;  as  the  Black  Hills  section  becomes  pro- 
gressively softer  upward  the  conditions  are  the  more  favorable  for 
absorption  of  flexure  in  small  v^ertical  distances. 

The  manner  in  which  doming  dies  out,  and  the  relative  distribution 
of  hard  and  soft  beds,  is  shown  in  fig.  98  (p.  277).  There  is  some  direct 
field  evidence  of  absorption  of  dome  flexure.  Rapid  diminution  in  dip 
of  flanking  ])eds  upward  on  the  side  of  a  laccolith  shows  within  a  few 
hundred  feet  of  strata  a  diminution  in  curvature.  This  is  clearly  shown 
on  the  south  side  of  Crow  Peak,  the  west  side  of  Kirk  Hill,  and  east 
of  Bear  Butte  (figs.  83  and  93,  PI.  XXX).  Such  diminution  in  dip  is 
conspicuous  in  laccoliths  having  most  intense  dome  flexure.^  Another 
evidence  is  presented  by  Circus  Flats;  the  outcrop  afl'ected  by  the  sub- 
terranean dome  is  hardl}^  larger  than  Bear  Butte  (PI.  XXX).  By 
analogy  with  other  subordinate  laccoliths.  Bear  Butte  is  much  smaller 
than  the  underground  main  laccolith  of  which  it  is  an  oflshoot.  The 
Circus  Flats  ellipse  in  Benton  shale  has  probably  not  more  than  half 
the  diameter  of  the  laccolith  beneath.  Lastl}^,  miniature  domes  and 
lenses  in  Cambrian  shale  (figs.  65,  GQ,  67)  show  absorption  of  the 
flexure  which  they  cause,  a  few  feet  above,  and  similar  effects  are  pro- 
duced by  laboratory  experiment  (PI.  XLHI). 

EROSION   STAGES   REPRESENTED   IN   THE   BLACK   HILLS. 

Attention  has  been  drawn  to  the  evidence  by  analogv  shown  in  the 
several  stages  of  erosion  from  covered  dome  to  uncovered  laccolith, 
that  in  part  demonstrates  the  originally  intrusive  character  of  all  of  the 
younger  porphyries  of  the  Black  Hills.  Six  cases  have  been  selected 
(PI.  XLI)  which  illustrate  the  progressive  denudation  of  the  laccolith 
and  the  arrangement  assumed  by  the  drainage  which  throughout  the 
several  stages  has  served  as  tninsporting  agent  for  disintegrated 
material.  The  six  types  are  Elkhorn  Mountain,  Crook  Mountain, 
Citadel  Rock,  Kirk  Hill,  Crow  Peak,  and  Pillar  P(>ak.  Two  others 
should  be  added  to  this  list:  Circus  Flats  (PI.  XXX)  and  Mato  Teepee 

(PI.  xxxvni). 

'  Compare  cross  section  of  Mount  Hillers,  fig.  '26  of  Gilborf  s  Henry  Mountains;  also  sections  of  Thun- 
der Mountain,  figs.  44  and  4.5  of  Weed  and  Plrsson's  Little  Belt  Mountains:  Twentieth  Ann.  Kept. 

U.  S.  Geol.  Survi.y.  I'JOO.  p.3ti.5. 
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CIRCUS   FLATS. 

Circus  Flats  represents  the  earliest  staye  of  laccolith  erosion  in  the 
region  of  the  Black  Hills.  The  buried  eruptive  dom(!  has  deformed 
.strata  up  to  and  including  Benton  Cretaceous.  Small  streams  radial 
on  the  dome  of  Dakota  sandstone  have  shifted  until  that  iioithern 
stream,  which  has  greatest  fall  to  its  junction  with  Spring  Creek, 
has  mastered  the  others  and  eroded  out  a  hollow  in  the  center  of  the 
dome  on  .soft  Triassic  red  marls  (PI.  XXXTT).  SubscMjuent  streams 
concentric  to  the  dome  follow  amuilar  valleys  on  soft  beds,  and  the 
greater  stream,  Spring  Ci-eek,  turns  aside  to  encircle  the  dome  on 
the  east  and  north,  following  Benton  shale  and  avoiding  Dakota  sand- 
stone. The  initial  course  of  this  greater  stream  Avas  northeast,  oft' 
the  Black  Hills  ujjlift.  The  initiation  of  such  drainage  took  place 
when  the  Black  Hills  were  first  subjected  to  atmospheric  erosion.  How 
such  erosion  came  about  is  not  known,  whether  from  recession  of  an 
Eocene  lake  or  by  rainfall  which  continued  while  the  uplift  took  place. 
That  the  streams  flowed  radial  to  the  uplift  is  amply  shown  by  their 
present  distribution.  The  drainage  features  of  Circus  Flats  ma}'  bo 
summarized  as  follows:  Deflection  of  a  trunk  stream  superposed  upon 
the  dome  through  a  thickness  of  several  thousand  feet,  now  eroded 
away;  local  development  of  radial  branch  streams  on  a  hard  stratum; 
local  mastery  by  one  of  these  streams  within  the  area  of  the  dome; 
development  of  concentric  subsequent  streams  on  soft  strata:  a  hill 
has  l)een  converted  into  a  l)asin  surrounded  by  a  horseshoe-shaped 
ridge,  and  drainajjfe  radial  outward  has  become  radial  inward. 

KLKHORN    PKAK. 

In  Elkhorn  Peali,  higher  on  the  flanks  of  the  Black  Hills,  erosion  has 
carried  away  th?  upper  beds,  and  the  soft  Red  Beds  form  here  a  valley 
around  a  hai'd  Mimielusa  sandstone  dome  whit-h  stands  in  relief.  The 
sandstone  dips  away  fi-om  the  summit  on  all  sides,  and  is  incised  by 
erosion  most  deeply  on  the  southwestern  side,  but  in  no  case  is  the 
underlying  gray  limestone  exposed.  Minnekahta  limestone  forms 
revet  crags  on  the  flanks,  with  steepest  dip  on  the  east  and  southeast. 
Above  it  the  Red  Beds  have  been  closely  compacted  within  a  synclinal 
fold  southeast,  where  a  narrow  valley  separates  Elkhorn  Peak  from 
hills  of  Jurassic  and  Cretaceous  strata.  On  the  northern,  western, 
and  southwestern  sides  Minnekahta  limestone  passes  b}'  gentle  curva- 
ture under  the  broad  Red  Valley  at  Centennial  Prairie.  The  drainage 
on  the  slopes  of  Elkhorn  is  chiefly  radial,  small  gullies  of  subsequent 
development  tending  to  follow  the  soft  layers,  producing  in  many 
cases  a  rectangular  system.  Larger  streams,  as  in  the  case  of  almost 
all  the  laccolithic  domes  of  this  region,  form  an  encircling  valley 
about  the  base  of  the  mountain  in  soft   red  Ti-iassic  marl.     AMien 
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Elkhorii  was  formerly  at  the  Circus  Flats  stage  these  streams  1i(  wed 
in  an  annular  valley  within  the  Dakota  escarpment.  They  have  shiVt<^4 
down  the  monoclinal  dip  aloii"-  easilv  eroded  Red  Beds. 

From  the  slopes  of  Elkhorn  Mountain  small  streams  radiate  r/ith 
wonderful  symmetry,  and  the  dipping  strata  indicate  a  quaqi  aversal 
almost  diagrammatic  in  its  regularit}-.  The  presence  of  \.^ermian 
limestone  as  the  highest  flanking  stratum  lends  a  special  beautj^  to  the 
symmetry  of  the  liiountain.  This  limestone,  characteristically  from 
30  to  40  feet  in  thickness  and  uniform  on  all  sides  of  the  Black  Hills, 
underlain  by  90  to  100  feet  of  soft  red  sandstone  and  clay,  forms 
habitually  a  gentle  dip  slope  ending  in  an  abrupt  escarpment,  and 
drainage  radial  from  the  hills  cuts  V-shaped  gateways  through  it  that 
are  among  the  most  picturesque  features  of  the  region.  In  the  same 
manner  small  gateways  are  cut  through  this  limestone  where  it  encir- 
cles smaller  laccolithic  domes,  and  this  has  been  figured  and  mentioned 
by  Russell  ^  in  his  description  of  Little  Sundance  dome.  Elkhorn  is  a 
repetition  of  Little  Sundance  dome  (Green  Mountain),  and  these  cov- 
chmI  laccolithic  domes  are  by  no  means  exceptional. 

South  and  east  lies  a  portion  of  the  Red  Valley,  through  which  Polo 
C'reek  flows  northward,  its  channel  falling  within  the  rampart  of  the 
Permian  limestone  for  a  mile  along  the  western  base  of  the  mountain. 
The  geologic  structure  east  of  Elkhorn  is  a  l)road  syncline,  while  on 
the  southwest  side  the  beds  have  a  gentle  monoclinal  dip  northeast, 
interrupted  by  the  buried  laccolith.  Within  the  small  area  shown 
(PI.  XLI,  fig.  1)  the  regional  dip  of  the  strata  is  uniformly  northeast- 
ward. Polo  Creek  has  a  northeast  trend,  but  on  reaching  the  dome  it 
])ends  northwest  and  then  resumes  its  northeasterly  course.  The 
striking  characteristics,  in  brief,  of  the  Elkhorn  drainage  are,  first, 
radial  rills;  second,  encircling  branch  streams;  and  third,  diversion 
of  the  trunk  stream  from  its  course  by  the  covered  laccolith.  The 
crescentic  escarpments  of  Pei'uiian  limestone  show  the  structure  which 
suggested  to  Newton  the  simile  of  ii  puncture  upward  through  a 
bundle  of  paper  by  a  sharp-pointed  jx'ncil. 

(•i;(>()K    >1(.INTAIN. 

Crook  Mountain  shows  drainage  features  siniiliar  to  those  of  Elk- 
horn, l)ut  erosion  on  the  nortlnve>t  side  of  the  dome  has  revealed  Car- 
boniferous limestone  under  the  Minnelusa  beds.  Permian  limestone 
does  not  completely  encircle  the  mountain,  but  has  been  carried  away 
by  the  headwaters  of  Sandy  Creek,  and  for  a  distance  of  a  mile  and  a 
half  it  has  been  removed  by  the  active  erosion  of  lower  Sandy  Creek 
and  Whitewood  Creek,  the  latter  being  the  trunk  stream  whith  skirts 
the   northwest   flanks  of   the   mountain.     The  geologic   structure  is 
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somewhat  more  irregular  than  in  the  case  of  Elkhorn,  Sandy  Creek 
occupying  a  synclinal  valley  between  Crook  Mountain  and  a  laccolith 
to  the  southwest,  and  Crook  Valley  on  the  east  is  the  northern 
appressed  extension  of  the  Boulder  Park  s^^ncline. 

The  drainage  features  repeat  the  small  concentric  rills,  the  radial 
smaller  streams,  and  the  encircling  larger  streams.  The  largest  stream 
of  all,  however,  again  as  in  the  case  of  Elkhorn,  does  not  remain  out- 
side of  the  Permian  limestone  rampart  on  the  soft  red  marl,  but  has  cut 
its  channel  into  the  side  of  the  dome,  carving  out  a  deep  canyon  in  a 
lower  formation.  Whitewood  Creek  is  one  of  the  master  streams  of 
the  region,  having  in  general,  like  Polo  Creek,  a  course  consequent 
upon  the  greater  northeast  slope  of  the  Black  Hills  uplift,  but  it  shows 
at  several  points  evidence  of  stream  capture  and  diversion  due  to  com- 
plications occasioned  by  irregular  distribution  of  hard  and  soft  beds. 
In  both  this  case  and  that  of  Elkhorn  there  is  a  strong  suggestion  that 
these  greater  streams  were  superimposed  upon  the  laccolith  from  a 
position  unatlected  by  the  doming  when  their  channels  la}'  stratigraph- 
ically  higher.  Both  of  them  are  deflected  from  a  course  that  higher 
upstream  approaches  the  dome  directly.  In  the  case  of  Crook  Moun- 
tain, if  this  course  were  continued  through  the  mountain  it  would  cross 
the  summit;  in  the  case  of  P^lkhorn  it  would  c-ut  off  a  considerable 
portion  of  the  northwest  flank. 

In  Spiegels  (nip,  on  the  northwest  side  of  the  mountain,  a  reversal 
of  drainage  through  one  of  the  Minn(>kahta  limestone  gateways  has 
produced  one  of  the  most  remarkable  topographic  curiosities  in  the 
Black  Hills.  The  Red  Valley  makes  an  abrupt  bend  northwest  of 
Crook  Mountain,  and  the  Red  Beds  are  compressed  into  very  narrow 
limits  on  the  flanks  of  the  arch.  The  Permian  limestone  here  forms 
the  crest  of  an  escarpment  that  rises  400  feet  above  the  bottom  of 
Whitewood  Canyon.  The  small  stream  occupying  the  narrowed  Red 
Valley  outside  of  the  escarpment  joins  Whitewood  Creek  at  Crook 
City.  The  usual  V-shaped  gateways  through  the  limestone  give  evi- 
dence of  a  former  radial  drainage  from  Crook  Mountain  into  the  Red 
Valley,  but  Whitewood  Creek,  after  cutting  its  deep  gorge  in  the 
flanks  of  the  dome,  has  reversed  all  these  streams,  and  Spiegels  Gap, 
the  most  conspicuous  of  the  V-trenches,  appears  like  an  artificial 
notch  or  gash;  the  overhanging  scarp  within  extends  to  the  bottom  of 
the  notch,  and  within  the  V  the  slope  is  very  steep  inward  toward  the 
mountain,  extending  down  to  the  bottom  of  the  canyon. 

CITADEL   KOCK. 

In  the  case  of  Citadel  Rock  a  laccolith  crest  has  been  revealed  by  a 
single  radial  stream  gaining  the  mastery  on  a  dome  of  the  Elkhorn  type; 
annular  valleys  have  been  eroded  out  through  Minnelusa  sandstone, 
gray  limestone,  Silurian,  and  Cambrian  to  the  porphyry  intruded  in 
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Cambrian  .shales.  Compared  with  Circus  Flats,  Elkhorn  Peak,  and 
Crook  Mountain,  progressive!}^,  the  actual  elevation  of  the  Citadel  Rock 
laccolith  is  found  to  be  the  highest.  Relative  to  a  conmion  base-level 
as  members  of  a  single  erosion  grade.  Citadel  Rock  should  be  eaten 
more  deeply  than  Crook  Mountain,  the  latter  more  deepl}'  than  Elk- 
horn,  and  Elkhorn  than  Circus  Flats.  That  such  is  the  case  is  made 
clear  by  comparison  of  the  several  sections  constructed  in  natural 
proportion  and  with  a  common  base  line  3,000  feet  above  the  sea  (PI. 
XLI). 

Citadel  Rock  stands  as  an  isolated  monolith  with  vertical  walls  on  a 
spur  that  projects  into  the  midst  of  a  circular  basin,  above  which  rises 
a  ring-shaped  escarpment  of  limestone  200  feet  higher  than  the  top  of 
the  Rock  and  from  400  to  600  feet  above  the  gulches  cut  in  porph3^ry 
that  encircle  it.     The  two  encircling  gulches  are  superposed  upon  the 
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porphyry  from  former  concentric  subsocjuent  stream  The  dip  of  the 
porphyry-Cambrian  contact  on  the  crest  of  the  dome  was  insufficient 
to  carry  the  drainage  down  the  porphyry  slope  by  monoclinal  shifting. 
The  result  is  an  inherited  aiuiular  drainage  on  the  porphyry. 

The  annular  drainage  of  (Citadel  Rock  is  not  confined  to  the  small 
streams  within  the  core.  A  portion  of  Iliggins  Gulch  partly  encircles 
the  laccolith  on  the  west  side,  and  other  small  streams  curve  around  it 
in  Carboniferous  horizons  on  other  sides.  Such  streams  may  shift 
down  the  dip  along  soft  beds  either  by  capture  or  by  monoclinal  shift- 
ing until  the  dip  becomes  insufficient  to  produce  such  shifting.  The 
final  result  will  be  a  scries  of  encircling  streams  about  or  upon  a 
laccolith  remnant,  and  these  mark  the  original  outer  limits  of  domical 
flexure  in  upper  beds,  or  may  define  the  position  of  the  original  rim  of 
the  laccolith  itself. 
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Siqyerjjosed  annular  valleys. — In  Inyankaiii  :i  more  advaiued  stage 
of  erosion  is  shown  of  the  same  type  as  Citadel  Rock,  with  an  annular 
valley  in  porphyry,  an  encircling  escai'pment  of  sediments,  and  a  cen- 
tral peak  which  rises  above  the  surrounding  escarpment.  Custer  Peak 
and  the  Woodville  Hills  (tig.  97)  represent  similar  phenomena  in 
flatter  laccoliths  more  completely  eroded.  In  these  cases  the  inherited 
annular  valley  has  lost  detinition,  so  that  there  is  left  a  central  peak 
with  peripheral  porphyry  knobs,  a  section  through  basement  strata, 
and  only  slight  I'emnants  of  flanking  beds.  In  Little  Missouri  Buttes 
a  still  later  stage  is  shown.  No  trace  of  flanking  sediments  there 
remains;  erosion  has  eaten  through  the  middle  of  the  laccolith  almost 
to  the  basement  stratum,  and  tli(>  central  peak  is  surrounded  by  masses 
of  talus  on  the  west  and  north  and  by  lower  knoI)s  on  the  east  and 
south.  There  is,  however,  a  distinct  remnant  of  the  inherited  annu- 
lar valley  about  the  highest  peak  of  I^ittle  Missouri  Buttes  (PI. 
XXX VII I).  In  the'  case  of  Mato  Teepee,  a])out  which  two  small 
gulches  and  the  western  bench  form  remarkably  pei'fect  semicircles, 
the  annular  valley  is  inherited  on  sti-ata  underlying  the  laccolith.  This 
perhaps  marks  approximately  the  former  ))order  of  the  porphyry  area. 


Kirk  Hill  (PI.  XLI)  forms  an  eastern  extension  of  the  Vanocker 
laccolith.  Here  erosion  has  progressed  sufficiently  to  expose  porphyry 
in  the  region  of  maxinuim  corrasion  on  the  flanks  of  the  dome,  which 
is  still  capped,  however,  by  a  veneer  of  Cambrian  l)eds  with  Angering 
extensions  on  the  interstream  spurs.  To  the  northeast  the  porphyry 
is  contiiuied  into  high  hills  at  the  head  of  Deadman  Creek.  Kirk  Hill 
is  thus  a  laccolithic  arm  or  lobe  from  a  greater  mass.  The  structure 
of  the  .sediments  west  and  south  is  synclinal,  and  on  the  southeast 
there  is  a  synclinal  sag  that  separates  this  lobe  from  another  extension 
of  the  Vanocker  laccolith. 

On  Kirk  Hill  radial  small  streams  are  well  shown,  but  since  the  sedi- 
mentary shells  which  cover  the  dome  have  been  in  great  part  removed, 
the  small  rill  })eds  of  concentric  subsequent  arrangement  are  lacking, 
except  in  a  few  cases  on  the  southwest  side,  where  Silurian  and  Car- 
boniferous limestones  still  form  crescentic  escarpments  over  the  soft 
shales.  Park  Creek  is  an  encircling  stream  following  the  western 
syncline,  and  other  streams  encompass  the  hill  on  the  south,  southeast, 
and  northeast.  At  the  northwestern  base  of  the  hill  Park  Creek  has 
cut  through  the  syncline,  and  for  a  short  distance  foUovvs  the  contact 
of  porphyiy  with  overlying  sediments,  but  at  no  point  has  the  por- 
phyry mass  been  dissected  to  a  sufficient  depth  to  reveal  the  stratum 
on  which  it  rests. 

In  topography  Kirk  Hill  marks  a  stage  of  denudation  later  than 
Citadel  Rock,  for  the  flanking  sedimentaries  have  weathered  well  down 
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the  slope  of  the  laccolith,  leaving  a  hill  shaped  like  a  low  dome  with 
remnants  of  strata  clinging  to  the  summit.  The  transition  from 
annular  valley  to  rounded  hill  is  a  repetition  of  the  process  shown 
between  Circus  Flats  and  Elkhorn  Peak.  Kirk  Hill  represents  the 
third  and  last  cycle  in  the  development  of  hills  over  the  laccolith.  The 
first  was  the  hill  of  Dakota  sandstone  that  preceded  the  Circus  Flats 
stage:  the  second  was  the  Minnelusa  sandstone  hill,  represented  in  the 
Elkhorn,  Spottedtail,  and  Green  Mountain  domes;  the  last  case,  like 
Kirk  Hill,  is  represented  in  Deer  Mountain,  Dome  Mountain,  and 
other  laccoliths. 

CROW  PKAK. 

At  Crow  Peak  (PI.  XLI,  tig.  5)  the  })orphyrv  stands  at  greater 
height  above  base-level  than  at  any  point  hitherto  described  in  this 
chapter.  As  a  result,  erosion  has  carried  down  the  Hanking  sediments 
and  left  the  steep-sided  laccolith  in  high  relief.  The  resistant  lime- 
stones, however,  still  cling  to  the  slopes  on  all  sides.  Immediately 
about  the  mountain  radial  gullies  are  conspicuous.  Crow  Peak  on 
the  west  and  portions  of  Higgins  Gulch  on  the  east  and  south  partially 
encircle  the  laccolith.  Citadel  Rock  occurs  a  mile  and  a  half  SSE. 
from  Crow  Peak,  in  the  direction  of  the  greater  Terry  center  of  iirup- 
tion.  The  ditference  from  the  Kirk  Hill  stage  consists  in  the  absence 
of  capping  Cam))rian  beds  and  the  greater  relief;  Crow  Peak  is  also 
structundly  ditferent  in  its  more  intense  dome  flexure. 

PILLAR   PEAK    AND    REAR    DKN    MOUNTAIN. 

The  sixth  stage  of  erosion  is  shown  in  Pillar  Peak  and  Bear  Den 
Mountain  (PI.  XLI),  where  the  beds  capping  and  flanking  the  lacco- 
liths have  been  entirely  eroded  away,  and  erosion  has  revealed  the 
underlying  strata  and  some  of  the  conduits  through  which  the  intrusive 
rose  (see  PI.  XX  for  general  relations).  On  the  south  is  shown  the 
stratigraphic  series,  from  Algonkian  through  Cambrian,  Silurian,  Car- 
boniferous, Minnelusa.  and  Pei-mian,  which  underlie  the  Bear  Den 
laccolith  at  its  northern  end.  Bear  Den  Gulch  separates  the  B(>ar  Den 
laccolith  from  the  Dome  Mountain  mass,  on  whose  eastern  flanks  the 
limestones  dip  steeply  under  the  Bear  Den  laccolith,  and  thiMice  the  dip 
diminishes  to  a  condition  of  approximate  horizontality  in  a  broad,  flat 
depression  northeast.  In  Caml)rian  l)eds  about  the  town  of  (ialena  are 
shown  sills  and  a  dike  complex  that  marks  the  loqus  of  intrusion  for 
the  Bear  Den  poi[)hyrv,  which  spread  northeast,  breaking  across 
strata.  The  initial  structure  of  these  laccoliths  was  a  great,  swollen 
mass  l)eneath  Silurian  and  superincuml)ent  strata  on  the  i)resent  site 
of  Dome  Mountain,  and  small(>r  ottshoots  which  l)roke  across  and 
domed  up  higher  beds.  The  lower  side  of  a  strike  fracture  across 
limestones  mav  ))e  followed   from  Dome  Mountain  to  Pillar  Peak.      It 
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is  probable  that  this  fracture  extended  across  Lost  Guk-h,  and  that 
Pillar  Peak  and  Bear  Den  Mountain  were  at  one  time  continuous,  the 
lower  contact  of  the  porphyry'  progressively  truncating  strata  along  a 
horizontal  fracture  plane  across  gentle  northeast  dips.  The  west  side 
of  Pillar  Peak  shows  porphyry  on  gray  limestone.  On  the  east  side 
of  the  same  mountain  the  porphyry  overlies  Minnelusa  sandstone. 
The  Bear  Den  porpliyry  overlies  Pei-mian  limestone  in  the  northern 
part  of  the  mountain. 

Considering  Pillar  Peak  and  Bear  Den  Mountain  parts  of  a  single 
laccolith,  the  drainage  is  seen  to  have  produced  an  inner  basin,  a 
horseshoe  ridge,  and  outer  encircling  drainage.  The  inner  basin  is 
Lo-;t  Gulch,  cut  through  the  basement  strata;  the  horseshoe  ridge 
is  of  porphyrv,  composed  chiefly  of  the  laccolith  remnants;  Two  Bit 
and  Beiir  Butte  creeks,  encircling  the  whole,  probably  define  the 
original  laccolith  perimeter,  though  now  their  canyons  are  cut  in 
limestone  below  and  away  from  the  jjorphyry.  As  a  stage  beyond 
that  of  Kirk  Hill  in  physiographic  development,  this  horseshoe 
ridge  of  porphyry  is  like  the  limestone  ridge  about  Citadel  Rock. 
Lost  Creek,  the  north-flowing  stream  on  the  former  hard  rock  hill, 
work(>d  faster  than  the  other  radial  streams  and  gnawed  through 
the  porphyrv  to  softer  rocks  below,  there  to  erode  out  an  interior 
basin.  This  is  the  third  and  last  stage  of  inner  basins.  The  first 
was  Ciicus  Flats,  with  a  Dakota  rim;  the  second.  Citadel  Rock, 
with  a  Carboniferous  rim:  and  in  th(>  Pillar-Bear  Den  case  the  rim 
is  formed  of  porphyry.  Stratigraphically  the  last  case  differs  from 
the  others,  for  the  horizon  of  intrusion  is  higher.  Other  types  of 
the  last  stage  are  numerous;  a  horseshoe-shaped  laccolith  remnant 
incloses  the  city  of  Lead;  Ragged  Toj^  is  shaped  like  a  crescent  and 
is  encircled  by  two  pairs  of  streams.  Woodville  Hills,  Custer  Peak, 
and  Little  ^Missouri  Buttes  retain  a  central  high  peak  with  an 
annular  valley  in  porphyry  al)out  it,  and  the  outer  crescent  of  por- 
phj'ry  has  a  number  of  culminating  summits. 

.SUMMAKV    OK    EROSION    STACKS. 

The  cases  cited  show  that  laccolith ic  domes  deflect  regional  master 
streams,  and  that  subordinate  drainage  conforms  strikingly  to  the  rela- 
tive resistance  of  rocks  exposed.  An  earl}^  stage  produces  a  dome- 
shaped  hill  with  radial  drainage.  One  radial  stream  gains  advantage 
over  its  fellows  and  eats  out  the  central  portion  of  the  dome  to  a  soft 
stratum  beneath.  The  outward  dipping  hard  beds  are  undermined 
and  drainage  formerly  radial  outward  becomes  radial  inward;  a  former 
mountain  becomes  a  quaquaversal  basin  inclosed  by  a  horseshoe  ridge. 
Recession  of  this  ridge  and  continued  erosion  on  the  soft  bed  uncovers 
an  arch  of  harder  rock.  Monoclinal  shifting  on  the  soft  bed  becomes 
easier  than  deep  cutting  into  the  dome,  so  that  the  flanking  })eds  are 
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eroded  down  and  a  new  radial  drainage  forms  with  two  pronounced 
encircling  streams  (fig.  98).  In  the  figure  the  radial  progression  from 
the  Cix'cus  Flats  stage  through  the  several  stages  described  is  shown 
by  profiles  inscribed  on  a  common  dome.  The  alternations  from 
domical  mountain  to  horseshoe-shaped  ridge  will  continue  under  the 
erosive  action  of  changing  subordinate  drainage  until  the  porph3ny  is 
reached.  Here  monoclinal  shifting  is  no  longer  possible,  owing  to 
lack  of  monoclinal  structure.  Annular  drainage  superposed  on  the 
crest  of  the  laccolith  may  persist  so  as  to  be  retained  as  a  charac- 
teristic feature  of  both  plan  and  profile  in  old  laccolithic  mountains. 
If  the  last  monoclinal  shifting  takes  place  along  the  contact  of  por- 


Cltiidel  Hock.. 


Fig.  98.— Diagram  illustrating  development  of  erosion  profiles 


phyry  and  capping  sediment,  annular  drainage  which  has  shifted  down 
this  contact  will  eventually  l)e  superposed  upon  the  stratum  beneath 
the  laccolith,  marking  there  a  peripheral  limit  for  the  original  igne- 
ous mass  even  after  the  porphyry  has  been  eroded  away. 


EROSION    PROP^ILES. 


The  section  diagrammatically  represented  in  fig.  98  corresponds  in 
thickne.ss  and  consistency  to  the  Paleozoic  section  from  Silurian  lime- 
stone to  Pierre  shale  and  higher.  A  laccolith  is  represented  in  the 
normal  position,  under  the  •'competent"  Siluro-Carboniferous  mem- 
ber. The  three  hard  members,  progressively  thinner  upward,  are 
Siluro-Carboniferous,  Jura-Cretaceous,  and  Niobrara;  the  three  soft 
members,  progressively  thicker  upward,  are  Red  Beds,  Benton,  and 
Pierre.  The.se  thicken  at  the  sides  of  the  arched  hard  strata,  and  the 
dome  consequently  fades  out  to  horizontality  above.  The  profiles  .show 
types,  represented  by  separate  cases  in  the  Black  Hills,  made  by  lac- 
coliths intruded  at  about  the  same  horizon.  These  profiles  are  pro- 
jected irrespective  of  .scale,  on  the  ci-oss  section  of  an  ideal  dome,  to 
show  their  nuitual  relations  to  a  uniform  process  of  erosion. 
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In  Circus  Flats  there  is  a  basin  on  a  soft  stratum;  in  Elkhorn  the 
basin  is  (li\  idod  in  two  by  the  resistance  of  the  central  liard  stratum, 
and  the  two  lateral  depressions  mark  the  encircling  di-ainage.  In  Cit- 
adel Kock  the  dome  has  been  eaten  through  and  the  basin  is  repeated, 
with  higher  walls,  because  encompassed  by  the  thicker  and  harder 
limestone;  annular  drainage  is  superposed  on  the  porphyry.  In  Crow 
Peak  the  porphyiy  shows  greater  power  of  resistance  to  erosion,  and 
.stieams  are  gnawing  along  the  contact  of  laccolith  and  sediments.  In 
Custer  Peak  several  pairs  of  annular  streams  have  l)een  superposed  on 
the  porphyry;  some  of  these  have  cut  through  to  the  basement  strata, 
and  only  on  one  side  is  the  laccolith  rim  preserved.  The  conspicuous 
feature  of  the  profile  is  the  l)ilateral  symmetiy  of  central  peak  and  lat- 
eral spurs.  The  outermost  streams  that  can  be  traced  as  encircling 
the  mountain  lie  within  the  original  limits  of  tlie  porphyiy. 

LITTLK    MISSOIHI    HUTTKS    AM)    MATO    TKKl'KK. 

Little  Missouri  Buttes  and  Mato  Teepee  mark  two  stages  further, 
but  their  profiles  can  not  consistently  be  inserted  on  this  diagram, 
because  their  basement  strata  are  rlura-Cretaceous;  otherwise  the 
process  is  the  same.  If  we  denude  the  Custer  Peak  profile  a  little 
further,  removing  all  trace  of  flanking  sediments,  and  leave  a  steep 
centml  peak,  a  lower  knob  on  one  side,  and  a  train  of  talus  on  the 
other,  we  shall  have  the  profile  of  I^ittle  Missouri  Buttes  (see  PI. 
XXXVIII,  section).  If  we  leave  only  a  small  columnar  remnant  of 
porphyry  with  an  annular  valley  in  the  sediments  about  it,  we  shall 
have  Mato  Teepee  (fig.  *.»")).  In  this  erosion  scheme  the  conduits  have 
no  considerable  effect;  they  are  dikes  or  lateral  sills,  which  may  be 
eroded  soon  or  late  in  the  i)rocess.  according  to  their  position. 

RELATION  OF  PRESENT  ELEVATION  TO  DEPTH  OF  EROSION. 

Laccoliths  intruded  about  the  same  horizon  are  more  deeply  denuded 
in  proportion  to  their  present  height  above  base-level;  the  following 
table  shows  the  relative  heights  above  sea  level  of  the  profiles  (com- 
pare fig.  98),  from  deeply  buried  laccolith  in  the  plains  to  porphyry 
remnant  in  the  Hills: 


rresont 
profile. 

Crest  of  lacco- 
lith (approxi- 
mate). 

Circus  Flats                                                                         

.'5,  000 
4,520 
5, 450 
5,  785 
6,812 

Feet. 
2  500 

ElkhornPeak 

4,000 
5  500 

Citadel  Rock                                                                           

Crow  Peak 

6,  000 
7  500 

Custer  Peak                                                                   
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This  table  gives  present  altitudes  of  topography  immediately  above 
or  below  the  initial  crest  of  the  laccolith.  In  Citadel  Rock  the  altitude 
is  nearly  that  of  the  actual  porphyr}-  upper  contact;  in  Circus  Flats  atul 
Elkhorn  Peak  the  porphyry  probably  lies  from  500  to  800  feet  below; 
in  Crow  Peak  and  Custer  Peak  much  has  been  eroded  away.  There- 
fore the  actual  differences  in  elevation  of  the  laccoliths  were  greater 
in  every  case,  as  shown  in  the  second  column  of  the  table.  As  all  of 
these  were  intruded  under  and  arched  Siluro-Carboniferous  lime- 
stones, and  the  depth  of  their  uncovering  (fig.  98)  varies  with  their 
height  above  sea  level,  it  is  clear  that  the  present  profiles  are  products 
of  an  erosion  process  which  affected  all  alike.  Hence  the  grouping  of 
individual  cases  in  series  to  represent  erosion  stages  is  justified  }>y  their 
relation  to  a  (;onimon  base-level. 


CHAPTER    IV. 
THEORETICAL,   COIS^CIA'SIOXS. 

SUMMARY  OF   FIELD   EVIDENCE. 

In  tlio  piTicdinij  pa»>es  it  has  been  shown  that  igneous  intrusions  of 
rhj'olito  and  phonolito  porphyries  accompanied  or  immediately  followed 
a  great  movement  or  uplift  in  the  area  now  occupied  by  the  Black 
Hills.  This  uplift  arched  the  horizontal  strata  of  the  plains  into  an 
elongate  dome;  schists  beneath,  with  nearly  vertical  bedding  and 
lamination,  moved  up  by  faulting  and  slipping,  frequently  on  planes 
of  schistosity.  Erosion  has  removed  a  portion  of  the  sedimentary 
cover  completeh',  exposing  two  kinds  of  sections  whereby  the  solid 
geometry  of  structures  within  the  uplift  ma_v  be  studied.  One  is  a 
beveling  across  the  top  of  the  dome,  exposing  a  ground  plan;  the  other 
is  a  deep  trenching  by  streams  through  the  flanks,  exposing  vertical 
cross  sections.  The  igneous  matter  rose  through  the  steeply  inclined 
schist  laminae  and  spread  out  among  the  sediments  which  lay  across 
them  unconformably.  Erosion  beveling  has  exposed  dikes  in  the  schist 
and  flat  masses  in  the  later  strata.  The  walls  of  erosion  trenches  show 
the  thickness  of  the  sills  and  lenses  and  sometimes  their  junction  with 
feeding  dikes. 

The  intrusives  are  confined  to  the  northern  portion  of  the  uplift.  The 
southern  portion  was  occupied  bv  massive  ancient  pegmatite  granites, 
themselves  pre-Cambrian  intrusives  in  Algonkian  strata.  Probabl}" 
thev  acted  as  a  rigid  cementing  and  hardening  agent  to  prevent  frac- 
turing in  the  southern  schists;  the  northern,  less  indurated  phj^llites 
cracked  and  faulted  more  readily  to  permit  the  3"ounger  intrusives  to 
rise  from  the  depths.  The  northern  exposed  schist  areas  contain  many 
hundred  dikes  and  some  stocks;  these  must  have  induced  movements 
of  horizontal  extension  in  the  schist,  and  such  movements  are  attested 
by  bedding  plane  faults  at  the  base  of  the  Cambrian.  The  dikes  have 
a  common  trend  and  dip  parallel  with  schistosit}-.  The  dip  gave  them 
tendenc}^  to  spread  in  the  Cambrian  in  one  direction  more  readil}^  than 
in  another.  In  Cambrian  thin-bedded  strata  with  many  shale  horizons, 
sills  formed  in  great  number.  Above  la^^  the  thick  limestone;  it 
resisted  upward  movement  of  the  porphyries  and  locally  became  domed 
and  arched.  Beneath  it  were  found  the  principal  laccoliths  of  larger 
size,  the  largest  where  the  limestone  was  thinnest.  Some  of  them 
were  unsymmetrical,  partly  because  they  were  injected  into  strata 
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possessing  an  initial  dip,  partly  because  their  conduits  sloped  and  the 
magma  was  forced  forward  in  one  direction.  On  one  side  the  lime- 
stone was  flexed  be^'ond  the  breaking  point;  a  fracture  opened  and 
admitted  the  igneous  fluid  to  higher  horizons,  forming  subordinate 
laccoliths.  The  subordinate  laccoliths  are  characterized  by  still  greater 
lack  of  symmetry;  their  sides  are  steeper  than  those  of  the  main  lac- 
colith; they  fault  and  crumple  the  beds  about  them.  Associated  with 
dikes,  sills,  and  laccoliths  are  breccias  composed  of  fragments  of  the 
rocks  through  which  the  igneous  magma  passed.  There  is  no  evidence 
that  the  intrusives  were  connected  with  surface  volcanics.  In  general 
the  phonolites  are  younger  than  the  rhA^olites;  none  of  the  larger 
main  laccoliths  are  formed  wholly  of  phonolite;  the  phonolite  broke 
through  the  larger  bodies  of  rhyolite-porphyry  and  solidified  in 
smaller  masses  at  higher  horizons.  The  greater  number  of  subordi- 
nate laccoliths,  however,  are  of  rhyolite-porphyry;  these  include 
Bear  Butte,  Deadman,  and  Whitewood  Canyon  laccoliths,  Crow  Peak, 
Inyankara,  and  Sundance  Mountain.  The  magmas  which  formed  the 
subordinate  laccoliths  were  beginning  to  solidify  and  hence  were  more 
viscous;  this  is  proved  in  part  by  fewer  sills,  by  domes  of  smaller 
ground  plan  and  greater  convexity,  and  by  diminution  in  total  volume 
of  intrusive  rocks  in  the  higher  strata.  The  characteristic  forward 
and  upward  movement  of  intrusive  through  strata  is  by  way  of 
strike  fissures.  The  lower  contact  of  sills  and  laccoliths  frequently 
truncates  or  bevels  strata  obliquelv  across  the  bedding.  The  horizons 
where  a  single  stratum  is  followed  for  some  distance  are  composed  of 
soft  shale  confined  between  harder  beds. 

Erosion  has  left  laccoliths  covered,  partially  uncovered,  and  deeply 
dissected,  and  in  places  has  removed  them  entirelv  or  left  only  scat- 
tered remnants.  Conduit,  basement  contact,  wedge,  flank,  crest — all 
parts  of  the  laccolith  are  exposed,  in  plan  and  section,  in  different 
places  in  the  Black  Hills.  The  evidence  quoted  points  to  Eocene  time 
as  the  age  of  intrusion.  There  were  several  thousand  feet  of  strata 
above  the  laccoliths,  and  the  soft  Cretaceous  shales  absorbed  laterally 
the  doming  produced  by  individual  intrusive  masses.  Trunk  drainage 
consequent  on  the  Black  Hills  uplift  was  deflected  by  adjustment  to 
the  domed  hard  strata  that  wer(>  gradually  uncovered;  branch  drain- 
age, dependent  on  the  relation  of  rainfall  to  form  and  texture  of 
surface,  continually  changed  with  the  discovery  of  hard  and  soft 
strata,  producing  hills  in  hard  domed  beds  and  annular  valleys  in  soft 
ones.  Such  annular  valleys  were  eventually  superposed  on  porphyry, 
and  persist  in  several  deeply  dissected  laccoliths,  such  as  Custer  Peak 
and  the  Woodville  Hills.  Where  an  ainuilar  valley  on  the  contact  of 
porphyry  and  flanking  .sediments  l)etani('  superposed  on  the  bas(Mnent 
stratum,  its  course  preserved  ai)|)r()ximately  the  outline  of  the  laccolith 
after  the  same  was  in  great  part  eroded  away. 
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HISTORY   OF   INTRUSION. 

The  histoiy  of  intrusion  in  the  northern  Black  Hills  is  })elicved  to 
be  intimately  associated  with  the  history  of  the  larger  deformation. 
Intrusion  is  not  conceived  to  have  been  in  any  sense  a  cause  of  the 
greater  uplift,  but  an  effect.  The  intrusions  were  a  small  incident  in 
a  great  movement  of  elevation.  The  greater  uplift  probably  took 
place  after  the  close  of  the  Laramie,  along  with  similai-  movements  in 
the  Bighorn  Kaiige  and  the  Rocky  Mountains.  "Whatever  their  cause, 
these  movements  were  colossal  and  involved  a  considerable  section  of 
the  earth's  crust;  doubtless  there  had  been  similar  movements  about 
the  hard  granite  core  of  the  Black  Hills  from  the  earliest  Paleozoic 
times.  There  was  unquestional)ly  some  (h' formation  prior  to  the 
laccolithic  intrusions,  for  these  broke  across  previously  l)recciated 
Cambrian  flags,  and  encountered  dips  already  initiated.  The  post- 
Laramie  ui)lift  was  accompanied  l)y  profound  fracturing.  The  frac- 
tures I'cached  downward  to  a  zone  where  molten  rock  was  under  pres- 
sure. The  li(iuid  shot  upward  into  every  ramification  of  the  fracture 
system;  Algonkian,  Paleozoic,  and  Mesozoic  ))eds  were  in  some  sense 
under  compressive  stress,  rising  slowh',  the  hard,  competent  members 
supporting  the  arch,  the  soft  beds  following  the  lead  of  their  jnore 
resistant  neighbors.  Diversity  of  structure  and  consistency  produced 
minor  difterential  movements  of  faulting  and  folding.  The  upturned 
schist  beds  slipped  like  cards  on  edge  to  make  undulations  in  the  l)asal 
Cambrian  quartzite,  which  also  faulted  in  places.  Springing  into 
every  weak  place,  spreading  the  beds  and  crumpling  the  soft  ones 
wherever  there  was  tendency  to  gaping  by  reason  of  the  greater  bur- 
den assumed  by  the  more  rigid  strata,  the  igneous  magmas  reached 
the  Cambrian  through  countless  fissures  in  the  schist  beneath.  The 
change  in  structure  at  the  Algonkian-Cam})rian  unconformity  was 
especially  favorable  to  the  development  of  local  weakness  that  would 
give  advantage  to  an  igneous  wedge.  The  Paleozoic  horizon  least 
compressed  lay  under  the  Carboniferous  limestone.  The  thick  lime- 
stone member,  most  "•competent"  to  support  load  under  lateral  pres- 
sure, relieved  the  soft  shales  beneath  in  many  places.  The  porphyry 
magma  was  itself  probably  under  pressure  and  capable  of  independent 
dynamic  action  relative  to  individual  beds  invaded;  whether  that 
pressure  was  in  any  way  limited  by  the  actual  volume  of  magma  avail- 
able, or  what  hydrostatic  or  thermal  law  governed  it,  we  have  no 
means  of  knowing,  but  it  is  quite  certain  that  the  pressure  of  igneous 
fluid  relative  to  the  condition  of  the  limestone  was  sufficient  locally  to 
arch  up  and  break  through  that  stratum  and  some  of  the  superjacent 
beds.  That  it  did  not  do  this  until  it  was  beginning  to  solidify  is  in 
part  suggested  by  the  fact  that  onl}'  a  relatively  small  volume  of 
porphyry  broke  through  the  limestone  to  higher  horizons.  The  fact 
of  local  doming  and  fracturing  of  the  limestone  by  the  poj-phyiy  does 
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not  of  necessity  imply  that  the  lava  in  each  of  those  domes  lifted  the 
load;  it  bent  and  pimpled  the  limestone  within  an  arch  of  enormously 
greater  magnitude,  composed  of  several  competent  members  that  were 
collectiveh'  supporting  the  total  weight  of  sediments.  The  fact  that 
the  greatest  doming  of  limestone  over  porphyry  at  the  Terr^^  Polo 
complex  took  place  where  the  limestone  was  thinnest  shows  that  it  was 
not  the  weight  of  superincuml)ent  beds,  but  the  inflexible  quality  of 
the  thicker  limestone  which  resisted  doming.  It  is  equally  clear  that 
the  size  of  the  laccolith  is  entirely  independent  of  load;  the  smaller 
Ragged  Top  and  the  greater  Deer  Mountain  laccoliths  are  both 
intruded  at  the  same  horizon;  the  Vanocker  porphyry  mass,  probably 
the  largest  single  laccolith  exposed,  reaches  the  Upper  Carboniferous, 
while  comparativelv  small  subordinate  laccoliths,  like  Crow  Peak  and 
the  one  in  Whitewood  Canyon,  are  intruded  under  Obolus  beds  at  the 
base  of  the  Cambrian. 

APPLICATION   OF   EXPERIMENTS. 

]\Ir.  Howe's  experiments  prove  that  low  viscosity  favors  wide  lateral 
extension  to  form  sills;  high  vi-scosity  produces  thick  lenticular  bodies. 
They  show,  also,  that  the  intrusive  thickens  into  domes  where  a  resistant 
overlying  stratum  locally  thins.  Howe  has  demonstrated  further  that 
a  stratigraphic  obstacle  to  horizontal  spreading  may  cause  a  sill  to 
thicken  into  a  laccolith.  This  was  the  first  effect  of  the  initial  dip 
encountered  by  the  Dome  Mountain  magma  in  spreading,  and  of  the 
upward  bend  over  the  earlier  Warren  Peak  uplift  encountered  b}'  the 
Little  Missouri  Buttes  magma  when  injected  through  horizontal  beds. 
The  first  experiment  shows  that  irregular  serpentlike  bodies  may  push 
their  way  through  thick  T)eds  of  incoherent  material;  this  is  analogous 
to  the  irregular  intrusions  at  Portland.  In  a  dome  of  hard  beds  radial 
fractures  form  on  the  crest  and  concentric  fractures  open  downward 
on  the  periphery.  The  former,  if  developed  by  erosion,  would  guide 
radial  drainage;  the  first  peripheral  fractures  give  egress  to  the  intru- 
sive to  form  suboidinate  laccoliths.  Such  overturned  domes  as  Rag- 
ged Top  or  Bear  Butte,  thickest  on  the  sides  away  from  the  conduit, 
are  well  illustrated  in  P'iXperiment  IV,  where  it  is  .shown  that  a  magma 
rising  through  an  inclined  conduit  forms  an  unsynnnetrical  laccolith 
whose  thickness  is  greatest  in  tln^  direction  in  which  the  conduit  is 
inclined  from  the  vertical. 

DISCUSSION   OF   PUBLISHED   THEORIES   AND   DESCRIPTIONS. 
EFFECT   OF   LOAD  (cILHEKT). 

The  Black  Hills,  like  the  Henry  Mountains,  contain  smaller  laccoliths 

in  the  upper  zone  and  larger  ones  in  the  lower.     This  is  l)elieved  by 

the  writer  to  be  due  solely  to  increased  viscosity,  diminished  j)ressure 

of  injection,  and  more  incoherent  l)eds  in  the  ui)i)cr  horizons.     (Jilhert 
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gave  less  value  to  the  influence  of  viscosity  and  greater  value  to  varia- 
tion in  load.  He  concluded  "the  pressure  of  injection  remaining  con- 
stant, the  liniital  area  of  a  laccolite  is  a  direct  function  of  its  depth 
beneath  the  surface.  The  limital  area  is  greater  when  the  depth  is 
greater,  and  less  when  the  depth  is  less."'  This  conclusion  was  reaf- 
firmed bv  Gilbert  in  the  fall  of  1896  in  connection  with  his  description" 
of  Twin  Butte.  So  far  as  our  experiments  go,  the}'  seem  to  indicate 
that  the  dome  curvature  of  a  laccolith  is  greater  under  a  greater  load, 
hence  for  the  same  volume  of  intrusive  the  area  is  smaller.  In  an 
experiment  with  a  load  of  shot  on  the  surface  of  strata,  they  were 
domed  up  rapidly  in  the  center;  without  the  shot  the  laccoliths  spread 
out  more  widely  and  ft)i-med  a  lower  arcli  (Experiments  IV  and  V). 
In  both  cases  tlie  injected  wax  was  cooled  for  the  same  i^eriod  and  was 
uniformly  viscous.  Under  greater  load  the  shale  horizons  are  more 
closely  compacted  and  less  easily  split  apart.  AVith  the  same  viscositj' 
and  pressure  of  injection  an  intrusive  lens  under  load  can  more  easily 
increase  its  convexity  to  produce  lateral  thickening  and  crumpling  of 
superjacent  soft  lieds  than  it  can  spread  as  a  wedge  to  lift  a  great 
volume  of  heavy  strata.  Hence,  in  those  cases  where  load  has  any 
eflect,  if  viscosity,  volume  of  magma,  and  pressure  of  injection  are 
constant,  the  area  of  a  laccolith  is  i3ro})ably  greater  when  the  depth  is 
less.  This  appears  to  reverse  Mr.  Gilbert's  conclusion,  but  the  con- 
stants mentioned  alter  his  problem,  and  the  experimental  analogy  is 
incomplete.  The  influence  of  varied  load  is  believed  to  be  inconsider- 
able in  the  Black  Hills,  so  much  greater  was  the  influence  of  varied 
viscosity  and  pressure  of  magmas  and  texture  of  beds  invaded.  The 
size  and  curvature  of  individual  laccoliths  were  modified  by  variation 
in  thickness  of  the  stratum  inunediately  superjacent,  by  texture  and 
thickness  of  the  shale  horizon  selected  for  intrusion,  by  distance  from 
and  dynamic  relation  to  conduits  and  other  laccoliths  or  sills,  by  strati- 
graphic  obstac-les.  and  by  concomitant  regional  folding  and  faulting. 
The  composition  of  magmas  may  have  had  some  eflect,  too,  in  deter- 
mining rate  of  solidification  and  consequent  viscosit}'. 

ANALOGOUS   DESCRIPTIONS   BT   HOLMES. 

The  absorption  of  doming  vertically  was  suggested  in  a  paper  by 
Holmes  published  in  1877,  where,  in  describing  the  Sierra  El  Late,  a 
typical  laccolith  was  figured*  diagrammatically,  though  such  structures 
were  as  j^et  unnamed.  The  figures  compared  show  "arching  of  strata 
produced  b}-  intrusion  of  single  mass  uniformly  distributed"  (a  lacco- 
lith) and  "degree  of  arching  really  produced  by  the  irregular  intru- 
sions.'"    The  second  figure  showed  much  less  arching,  due  to  "a  sort 

1  Geologj-  of  the  Henry  Mountains,  p.  84. 

'Lacrcliths  in  southeastern  Colorado:  Jour.  Geol.,  Vol.  IV,  1896,  p.  821. 

^Hayden's  Report,  1875,  U.  S.  Geol.  and  Geog.  Surv.  Col.  and  adjacent  Terr.,  p.  272,  PI.  XLVI,  fig.  2. 
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of  ab-sorption  of  the  shales,  so  that  at  least  half  of  the  space  through 
which  the  trachyte  is  distributed  is  occupied  >n'  the  crushed  and 
metaniorphosed  fragments  of  shale."  Most  observers  agree  that  shale 
beds  are  favorite  horizons  of  intrusion. 

The  intrusions  of  basalt  in  Mount  Everts,  in  the  Yellowstone  Park, 
figured  by  Holmes'  (tig.  H9),  show  a  relation  of  conduit  to  intruded 
lens  or  sill,  similar  on  a  small  scale  to  that  of  the  subordinate  lacco- 
liths of  the  Black  Hills  (compare  sections  PI.  XXI).  These  basalt 
masses  are  said  to  be  intruded  in  Cretaceous  sandstones,  shales,  and 
lignite,  the  beds  dipping  5^  to  13.^ 

[The  intrusions]  cross  from  horizon  to  horizon,  breaking  through  the  beds  and 
pushing  them  aside,  and  bending  and  crushing  them  in  a  most  remarkable  manner. 
*    *    *    Tlie  masses    *    *    *    are  very  irregular  in  thickness,  reaching  in  places  40 


Fie.  99.— Intruded  basalts  of  Mount  Everts,  Yellowstone  Park  (Holmes 


to  50  feet.  They  lie  in  rude  sheets  approximately  with  the  strata,  but  bearing  the 
strongest  evidence  of  their  intrusive  character.  The  irregular  l)ed  that  outcrops 
along  the  crest  of  the  ridge  is  in  places  40  feet  in  thickness,  but  generally  falls  far 
short  of  thi.-.  Its  jjosition  in  the  strata  points  very  clearly  to  its  intrusive  character. 
It  does  not  lie  in  any  one  horizon,  but  breaks  across  the  strata  at  all  angles,  crushing 
the  severed  edges  back  upon  themselves.  *  *  *  It  rests  chieHy  in  a  series  of  coal 
shales  and  sandstones.  *  *  *  In  the  heavier  masses  this  l)asalt  has  a  rudely 
columnar  structure  and  weathers  down  in  very  small  angular  blocks.  In  the  thin 
tongues  that  have  been  thrust  out  from  the  main  ma.ss  into  the  surrounding  strata, 
there  is  a  tendency  to  form  small  prisms  at  right  angles  to  the  surface.  *  »  *  The 
strata  which  inclose  this  basalt  dip  to  the  northeast  at  angles  front  10°  to  lo,°  the 
line  of  the  great  fault  which  defines  their  nortlieru  limit  being  at)out  2  miles  dis- 
tant. It  seems  probable  that  the  intrudt'd  basalts  may  have  originated  in  or  rather 
reached  their  present  position  through  this  fault,  the  crushing  of  the  strata  indicating 
generally  an  intrusion  from  that  direction.* 

'Ha>den'.s  Report,  1878,  II,  I'.  S.  Geol.  and  Gook.  Surv.  Terr.,  p.  10,  PI.  VI. 
»0p.  eit.,  pp.  10,  11. 
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The  lower  enlarged  tigure  is  a  mass  seen  in  the  western  face  of 
Mount  Everts,  and  in  form  is  remarkably  like  the  end  of  an  unsymmet- 
rical  laccolith  with  lateral  conduit  (Experiment  IV,  PL  XLIV).  It 
is  a  mass  ""  300  feet  long  by  12  to  15  feet  thick,  and  appears  in  the  face 
of  a  steep  wall  of  dark  shales  and  laminated  sandstones.  It  has  been 
forced  in  between  the  yielding  strata,  folding  them  up  almost  at  right 
angles  at  the  ends,  as  shown  in  the  figure"  (tig.  90). 

WORK   OF   CROSS,  WKKD,  AND   PIRSSOX. 

The  bibliography  of  laccoliths  was  thoroughl}'  reviewed  by  Cross,* 
and  other  descriptions  of  laccolithic  mountain  groups  in  Montana  have 
recently  been  published  V)y  "Weed  and  Firsson.*  Cross  recognized  in 
the  Mosquito  Range  and  Tenmile  district  the  influence  of  orographic 
movements  concomitant  with  intrusion.  He  says:  "In  regions  where 
the  beds  are  under  orographic  .stress,  almost  or  quite  to  the  point  of 
folding,  a  magma  would  find  intrusion  on  certain  planes  a  compara- 
tively easy  matter."  Cross  points  out  the  prevalence  of  departures 
from  regularitv  due  to  oblique  intrusion  across  bedding,  structural 
weakness,  earlier  intrusives,  and  incoherent  strata.  His  sections 
through  Mount  Marcellina  and  the  Anthracite  Range,  unsymmetrical 
laccoliths,  are  closely  similar  to  cases  in  the  Black  Hills.  In  his  ideal 
restorations  of  arched  strata  above  Mount  Marcellina  the  size  of  the 
arch  in  strata  far  above  is  represented  as  greater  (in  dip  length)  than 
that  of  the  stratum  next  to  the  laccolith,  a  questionable  construction 
if  an V  of  the  strata  involved  are  soft  and  A'ielding. 

Pirsson's  sections  from  the  Judith  Mountains  express  the  relation  of 
main  laccoliths  to  subordinate  peripheral  bodies.  He  concludes  that 
the  important  factors  in  the  production  of  laccoliths  are  pressure  of 
injection,  viscositv,  gravity,  load,  and  cohesion  of  strata.  His  dis- 
cussion of  cause,  comparing  the  mechanism  to  a  "vast  hA'di-ostatic 
l^ress,"  seems  to  neglect  the  possibility  of  orogenic  deformation  pre- 
ceding and  initiating  intrusion.  "Suppose  a  fissure  extending  upward 
through  comparativelj'  undisturbed  strata  and  forming  a  dike,  and 
that  it  does  not  reach  the  surface."  This  is  Professor  Pirsson's  premise. 
Such  a  fissure  could  only  arise  from  differential  shortening  of  strata 
in  an  arc  of  the  earth's  crust.  Pirsson  conceives  that  the  force  of 
injection  is  partly  expended  in  overcoming  internal  viscosity  and 
gravit}',  and  "whatever  remains  over  above  these  two  is  used  in  lifting 
the  sediments."     No  mention  is  made  of  lateral  expenditure  of  energy 

'The  laccolithic  mountain  groups  of  Colorado,  Utah,  and  Arizona,  by  Whitman  Cross:  Fourteenth 
Ann.  Kept.  U.S.Geol.  Survey,  Part  II,  1893, p.  157. 

-Op.  cit.,  p.  23G. 

"Geology  and  mineral  resources  of  the  Judith  Mountains  of  Montana,  by  W.  H.Weed  and  L.  V. 
Pirsson:  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  Part  III,  1898,  p.  437  Geology  of  the  Little  Belt 
Mountains,  Montana,  by  W.  H.  Weed,  accompanied  by  a  report  on  the  petrography  of  the  igneous 
rocks  of  the  district,  by  L.  V.  Pirsson:  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  Part  III,  1900,  p.  387. 
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in  folding  and  faulting  strata,  except  that  "resistance  to  splitting"  is 
believed  to  influence  resulting  laccolithic  structures. 

It  seems  to  the  writer  that  the  hydrostatic  press  analogy  must  not 
be  pushed  too  far;  it  necessitates  preexistent  or  gaping  conduits 
through  which  lavas  rise  to  spread  out  "at  some  horizon  where  the 
conditions  are  right," '  The  lava  is  required  to  do  all  the  work  of 
lifting  superincum])ent  strata  by  breaking  and  splitting  its  wa}'  for- 
ward. If  the  dynamic  conditions  of  the  Rock}-  Mountain  region  gave 
evidence  of  quietl}'  gaping  internal  fissures  Avith  strata  otherwise 
undisturbed,  it  is  quite  probable  that,  when  the  fissures  were  full  of 
lava,  under  some  obstacle  to  further  upward  flow,  the  lava  would  pen- 
etrate soft  beds  horizontalh'  and  lift  the  load,  were  the  pressure  of 
injection  sufficient.  But  the  orographic  stress  which  raised  thousands 
of  square  miles  by  great  folds  and  faults  all  through  the  Rocky  Moun- 
tains produced  results  on  an  enormousl}'  greater  scale  than  what  is 
observed  in  small  laccolithic  mountain  groups.  In  manv  places  intru- 
sions accompanied  or  followed  the  greater  movements;  in  manv  places 
faults  and  folds  occur  contiguous  to  laccoliths.  The  greater  the  hori- 
zontal extent  of  a  warp  of  gentle  curvature  the  less  conspicuous  it  will 
be  in  a  region  where  intrusives  are  very  conspicuous;  3'et  the  fold 
will  lift  the  load  and  generate  fissures  and  weak  places  where  the 
intrusive  may  expend  its  energy  in  localized  splitting  and  arching  of 
strata.  The  Henry  Mountains  and  the  Judith  Mountains  are  laccolithic 
mountain  groups  where  no  connection  is  observable  between  regional 
deformation  and  laccolithic  intrusion;  yet  great  folds  and  faults  are 
shown  to  exist  in  the  immediate  vicinity  of  the  Henry  Mountains.'  In 
the  Black  Hills  the  relation  between  orogenic  deformation  and  intru- 
sion can  l)c  clearlv  traced  only  in  the  region  of  conduits  (p.  188);  in 
the  other  mountain  groups  no  deep  conduits  have  been  described. 

••I'LUTONIC    plugs"    and    "  SUBTUBERANT   MOUNTAINS." 

This  discussion  would  be  incomplete  without  some  reference  to  Pro- 
fessor Russell's  theory  of  "  plutonic  plugs"  and  "subtuberant  moun- 
tains." ^  After  a  visit  to  the  Sundance  Hills  and  Mato  Teepee,  Russell 
concluded  that  those  intrusions  differed  from  laccoliths  in  being  less 
spread  out  horizontally,  and  he  called  them  "plugs."  Bear  Butte  and 
Inyankara  are  still  l^etter  examples  of  pluglike  forms;  they  are  steep- 
sided  laccoliths  of  small  size.  The  word  "plug"  seems  to  the  writer 
an  unnecessary  one,  and  somewhat  misleading,  as  it  suggests  the  stop- 
per for  a  circular  hole.  Owing  to  his  failure  to  visit  the  dike  district, 
as  Mr.  S.  F.  Enunons*  has  shown,  Russell  was  unfamiliar  with  the  hiteral 
conduits  characteristic  of  subordinate  laccoliths,  and  his  casual  visit  to 
Mato  Teepee  led  to  the  unwarranted  conclusion  that  the  conduit  lay 
beneath. 

'  I'irsson,  .lucUth  Mountains,  p.  584.  ^Gilbert,  Geology  of  the  Henry  >tountnins,  p.  11. 

».Tour.  Geol.,  Vol.  IV,  1896,  pp.  23,  177.  •'Science,  N.  S.,  Vol.  X,  No.  23fi.  1899,  p.  24. 
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The  comparison  of  small  domes  with  great  ones  led  to  the  suggestion 
that  possibl}'  such  uplifts  as  the  Black  Hills,  Bighorns,  or  Park  Range 
were  occasioned  by  the  injection  of  igneous  cores.  For  some  reason 
stress  is  laid  on  the  fact  that  the  present  cores  of  the  uplifts  are  gran- 
ite, though  it  is  also  stated  that  these  granites  are  usually  ancient  ones 
from  which  the  encircling  sediments  were  derived.  The  name  "  sub- 
tuberant  mountains  "  was  suggested  for  such  uplifts.  There  is,  it  is 
true,  an  attractive  similarity  between  the  drainage  of  the  Black  Hills 
and  that  of  Circus  Flats  or  the  Bearlodge  Range.  Both  are  quaqua- 
versals  with  radial  streams.  Beyond  this  there  is  no  structural  sim- 
ilarity. The  Harney  granite  is  pre -Cambrian.  If  an  intrusive  in  the 
depths  occasioned  the  g-reat  uplift  in  laccolithic  fashion,  there  is  no 
evidence  for  the  existence  of  any  horizontal  splitting  planes  on  Avhich 
it  might  spread.  The  Rocky  Mountain  ranges  are  not  smoothly  ellip- 
tical, but  irregular,  elongate,  and  frequenth'  bent;  even  the  Black 
Hills  mass  has  extensions  northwest  and  southwest  that  show  it  is  not 
a  simple  dome. 

There  are  Tertiary  granites  and  diorites  in  the  Cordilleran  district, 
and  undoubtedly  the  intrusives  as  a  whole  added  their  share  to  move- 
ments of  extension.  It  has  been  shown  that  in  the  northern  Black 
Hills  the  schists  were  extended  lateralh^  by  dikes  that  invaded  them; 
the  sediments  above  were  displaced  both  horizontally  and  vertically 
by  dikes,  sills,  and  laccoliths  that  increased  their  bulk  by  a  few  cubic 
miles.  Throughout  western  North  America  there  have  also  been 
great  uplifts  of  an  Archean  complex,  accompanied  by  folding  and 
faulting  that  affected  later  rocks.  Much  of  this  deformation  was  con- 
temporaneous with  intrusion.  What  are  the  criteria  to  suggest  which 
was  cause  and  which  effect? 

An  answer  to  this  question  is  suggested  b}'  extending  Professor 
Russell's  analogv  to  its  logical  conclusion.  We  ai*e  convinced  that 
the  doming  of  beds  over  the  laccolith  is  due  to  the  intrusion  of  igneous 
rock.  The  criteria  that  lead  to  this  conviction  are  that  many  stages 
are  found  with  igneous  rock  at  the  core,  that  the  conduit  is  shown 
in  definite  relation  to  beds  deformed  and  shape  of  laccolith,  that  the 
process  may  be  imitated  in  miniature  experimentally,  that  no  such 
domes  without  an  igneous  core  are  found  in  the  region,  and  that  the 
igneous  material  is  the  larger  feature  more  conspicuousl}'  in  evidence 
than  the  deformation  that  it  causes.  There  are  large  masses  of  por- 
phyry', but  its  intrusive  character  is  proved  by  small  railroad  cuts 
and  canyon  sections.  Compare  with  this  the  arching  of  great  moun- 
tain ranges.  Large  igneous  cores  intruded  at  the  time  of  uplift 
are  not  usually  found;  the  conduit  is  not  shown  in  relation  to  beds 
deformed;  experimentation  in  miniature  produces  such  folds  by 
horizontal  pressure;^  such  uplifts  are  found  in  man}'  regions  without 

^The  iiiechanU's  of  Appalachian  stnicture,  by  Bailey  Willis:  Thirtcfnth  Ann.  Kept.  U.  S.  Geol. 
.Purvey,  Part  II,  1892. 
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an  igneous  core;  and  deformation  i.s  the  large  feature,  more  conspic- 
uous than  the  intrusives.  Moreover,  the  latter  are  frequently  found 
related  to  deformation  as  an  effect.  Volcanoes  and  intrusions  occur 
along  fault  lines,  or,  as  in  the  Black  Hills,  intrusives  locally  rise 
through  fault  fissures  and  distort  folds,  the  same  faults  and  folds 
occurring  elsewhere  as  parts  of  a  movement  immeasurably  greater 
than  anything  accomplished  by  the  igneous  rocks. 

"BYSMALITHS." 

Iddings'  has  described  Mount  Holmes,  in  the  Gallatin  Range,  as  a 
mass  of  dacite-porph}'!"}'  3  miles  long  and  2  miles  Avide,  which  was 
believed  to  have  forced  upward  "a  more  or  less  circular  cone  or  cylinder 
of  strata,  hu\ing  the  form  of  a  plug,  which  might  be  driven  out  at  the 
surface  of  the  earth  or  might  terminate  in  a  dome  of  strata  resembling 
the  dome  over  a  laccolith."'  The  name  '"bysmalith"  was  invented  for 
application  to  such  fault  laccoliths.  The  only  fault  described  is  a  great 
one,  affecting  Archean  and  Paleozoic  strata  and  extending  far  to  the 
northward  from  the  west  side  of  the  igneous  bodv,  and  as  this  was 
stated  to  have  probabl\'  acted  as  conduit,  it  was  not  immediately  occa- 
sioned by  the  intrusion.  Sections  are  presented "  representing  a  stock- 
like mass  in  nearly  horizontal  strata,  and  over  one  of  these  was  drawn 
a  reconstruction  of  10,000  feet  of  domed  strata  with  a  cone  section 
faulted,  which  passes  into  a  fold  above.  The  arch  inuuediatelv  al)ove 
the  igneous  rock  of  Mount  Holmes  is  represented  with  a  dip  length  of 
li  miles,  while  9,000  feet  higher  the  arch  has  greater  curvature  and 
a  dip  length  of  nearly  3  miles.  In  the  descriptive  portion  of  the  text, 
which  is  l)rief,  it  is  stated  in  one  place  that  "  nearly  two-thirds  of  the 
circumference  of  the  Holmes  mass  is  exposed  as  a  nearly  vertical  plane 
of  contact  crossing  almost  horizontal  strata."  Another  statement  is 
that  "in  all  cases  examined  the  neighboring  limestones  dip  awa\- at 
angles  of  -tO^  to  5.5-.*'  These  statements  seem  contradictory.  In  the 
diagram  section  the  dips  shown  are  from  2°  to  10-,  The  sections  and 
the  text  indicate  that  the  mass  described  resembles  the  steep-sided  lac- 
coliths of  the  Black  Hills,  and  that  it  breaks  across  strata,  in  the  manner 
of  a  stock. 

UNSYMMKTHICAI.    LACCOLITHS. 

There  seems  to  the  writer  to  be  uo  need  in  a  classification  of  igne- 
ous bodies  for  hypothetical  forms.  Faults  occurring  in  a  closed  curve, 
while  not  impossible,  are  dynamically  improbable.  The  first  fault 
formed  over  an  unsynnnetrical  laccolith  is  at  one  side  and  usually 
prolongs  itself.  Others  may  form  from  displacement  on  radial  or 
peripheral  fractures  in  the  region  of  maxinunu  fiexure.  As  soon  as 
such  fractures  open  however,  tliev  fill  with  magma  tiiat  n^leases  the 
strain  and  forms  new  subordinate   bodies.      Such  l)odies  have  Iteen 

iMon.  U.  S.  Geol.  Survey.  Vol.  XXXII,  I'lirt  II,  1899,  |>.  Ifi. 
=  0p.  cit.,  PI.  V. 
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described  in  detail  in  this  paper  in  the  sections  treating-  of  Whitewood 
Canyon  laccolith.  Pillar  Peak.  Deadman  and  Tilford  laccoliths.  Bear 
Butto,  and  Kairged  Top  ^lountain.  ]\Iount  Marcellina.  described  by 
Cross.  Black  Butte  (Judith  ^Mountains)  and  Barker  Mountain  (Little 
Belt  Mountains),  described  by  Weed  and  Pirsson,  and  Mount  Hillers, 
described  by  Gilbert,  all  show  similar  sections.  Structures  of  this 
kind  have  now  lieen  recorded  in  sufficient  lumiber  to  show  that  the 
unsynunetrical  laccolith  with  lateral  conduit  is  a  common  type.  Thun- 
der Mountain,  in  the  Little  Belt  Mountains,  described  l\v  Weed  and 
Lindgren,'  shows  sections  closely  similar  to  Crow  Peak  (Ho-.  93), 
Weed  calls  it  an  irregular  laccolith  oi-  ''bysmalith,"  but  states  that 
the  cross  section  is  strikingly  like  that  of  Mount  Hillers,  which  is 
a  typical  unsynunetrical  laccolith. 

SUMMARY  OF  THEORETICAL  CONCLUSIONS. 

The  following  are  the  theoretical  conclusions  of  this  paper  in  brief: 
Eaccoliths.  as  shown  by  Gilbert,  are  sul)terranean  volcanic  phenomena 
which  do  not  reach  the  surface,  and  in  the  Black  Hills  they  resemble 
volcanoes  in  being  accompanied  l)y  breccias.  As  they  solidify  beneath 
the  surface,  they  cool  and  become  more  viscous  upward.  The  lower 
laccoliths  are  large  because  of  obstruction  l)y  massive  strata;  the 
upper  ones  are  small  and  steep-sided  because  the  magma  is  more 
viscous,  is  prol)ably  under  diminished  pressure,  is  diminished  in  vol- 
ume, and  is  intruded  in  soft,  thick  shales.  The  upper  laccoliths  are 
usually  sul)ordinate  unsymmetrical  ort'shoots  of  the  lower.  The  lower 
main  laccoliths  frequenth*  show  some  bilateral  or  concentric  symmetry 
to  the  conduit.  The  conduits  are  usually  dikes.  The  load  may  be 
lifted  by  orogenic  forces,  while  the  intrusion  is  a  suboixlinatc  feature 
permitted  ))y  fracture.  Laccolith  arching  is  transmitted  radially 
upward  onl}'  by  competent  hard  strata,  and  is  absorbed  laterally'  I)}' 
shales.  The  bottom  of  the  laccolith  is  not  usually  a  single  stratum, 
but  an  oblique  plane  which  truncates  strata.  The  conduits  of  sub- 
ordinate laccoliths  ai'e  fractures,  gaping  downward  in  hard  strata  on 
the  flanks  of  main  laccoliths.  The  texture  of  strata  is  important  in 
determining  intrusion  horizons;  shale  beds  are  favorable  horizons  for 
intrusion;  alternations  of  shales  and  hard  strata,  thin  bedded,  favor 
the  production  of  sills.  The  inclination  of  a  conduit  strongly  affects 
the  direction  of  spreading  of  a  sill  or  laccolith.  By  lateral  deforma- 
tion the  laccolith  doming  ma}'  be  completely  absorbed  upward  in  thick 
shales,  so  that  higher  beds  lie  horizontal.  Trunk  drainage  superposed 
on  the  dome  is  deflected  by  hard  beds;  branch  drainage  becomes  con- 
tinually readjusted  by  monoclinal  shifting-  and  capture.  Annular 
valleys  are  characteristic,  and  nmy  be  inherited  from  sediments  above, 
hy  superposition  on  igneous  rock  beneath. 

1  Tenth  Census,  Vol.  XV,  1886,  pp.  696-737. 


CHAPTER   V. 

EXPERIMENTS  ILL,LTSTRATING  INTRUSIOX  AIS^I)  EROSTOIS^. 

By  Ernest  Howe. 
INTRODUCTION. 

Gilbert  has  .shown  that  in  the  Henry  Mountains  a  liquid  or  viscous 
magnaa  rising  from  the  interior  of  the  earth,  instead  of  reaching  the 
surface  and  there  building  volcanic  mountains  by  successive  eruptions, 
has  "stopped  at  a  lower  horizon,  insinuated  itself  between  the  strata, 
and  opened  for  itself  a  chamber  by  lifting  all  the  superior  beds.  In 
this  chamber  it  congealed,  forming  a  massive  body  of  trap."'  As  a 
result  of  the  intrusion  the  superjacent  strata  were  domed  upward, 
fractured,  and  otherwise  deformed.  To  intrusive  bodies  of  this  tvpe 
Gilbert  gave  the  name  "laccolites"  (laccoliths). 

The  following  experiments  were  undertaken  with  a  view  to  imitat- 
ing as  far  as  possible  the  processes  involved  in  the  formation  of  lacco- 
liths and  the  resulting  deformation  of  the  invaded  beds.  In  general, 
the  method  employed  was  to  supply  certain  theoretical  conditions  and 
to  attempt  to  construct  the  laccolith  under  these  conditions. 

ACTIVE   AND   PASSIVE   AGENTS. 

The  agents  which  govern  the  development  of  a  laccolith  are  of  two 
kinds  and  may  be  termed,  for  convenience,  active  agents  and  passive 
agents.  The  active  agents  are  the  viscous  or  liquid  magma  and  the 
force  which  causes  this  magma  to  rise  from  the  heated  interior  of  the 
earth  and  intrude  itself  between  certain  laj-ers  of  the  sedimentary 
rocks  of  the  earth's  crust.  These  sedimentary  rocks  and  the  physi- 
cal properties  peculiar  to  them  are  the  passive  agents.  In  taking 
up  these  experiments  the  prol)lcms  were  to  supply,  first,  a  series  of 
stratified  deposits  which  would  correspond  to  those  found  in  nature, 
and,  second,  some  liquid  or  viscous  substance  which  might  l)e  injected 
into  the  sediments  and  which  would  suh.se<iuently  .solidify.  The  first 
presented  no  .serious  difficulties.  It  was  found  that  an  excellent  sedi- 
mentary column  could  be  made  by  sifting  plaster  of  paris,  coal  dust, 
marble  dust,  and  sand  into  a  shallow  tank  containing  water.  The 
pla.ster  solidified   after   settling  and    its   relative   rigidity  might   be 

'  Geology  of  the  Henrj-  Mountains,  by  G.  K.  Gilbert:  V.  S.  Qeog.  and  Geol.  Suney  Rocky  Moun- 
tain Region,  1877. 
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considered  as  corresponding  to  that  of  massive  limestone  in  nature. 
The  coal  dust  served  as  a  substitute  for  shale,  and  the  marble  dust 
and  sand  took  the  place  of  sandstones.  A  number  of  materials  sug- 
gested themselves  as  suitable  for  the  intrusive  magma,  bi3t  the  means 
of  injecting  them  presented  mechanical  difficulties. 

PRELIMINARY   EXPERIMENTS. 

Before  undertaking  any  very  extensive  experiments  it  seemed  l)est 
to  perform  a  few  with  the  rather  crude  apparatus  at  hand.  A  small 
circular  pan  of  tin.  2  feet  in  diameter  and  3  inches  deep,  was  emploj^ed 
to  hold  the  sediments.  It  had  a  hole  in  the  center  in  which  a  cork 
might  be  fitted  and  a  smaller  hole  at  the  side  to  permit  the  water  to  be 
drawn  off.  The  pan  was  half  tilled  with  water,  the  openings  below 
being  closed,  and  the  following  series  of  sediments  were  deposited  in 
order  from  the  bottom  upward,  in  layei-s  of  somewhat  variable  thick- 
ness, to  a  depth  of  about  1^  inches: 


13.  San.l. 

9.  Pla.ster. 

4.  Marble  dust. 

12.   Marble  dn> 

t  and 

l)la.«- 

8.   Marble  dust. 

3.  Marble  dust  and  plaster. 

ter. 

7.  Sand. 

2.  Coal  dust. 

11.  Sand. 

6.  Plaster. 

1.  Plaster. 

10.  Coal  du.«t. 

5.  Coal  dust. 

After  settling,  the  excess  of  water  was  drawn  off  and  the  whole  was 
allowed  to  dry  for  twenty-four  hours.  This  method  Avas  followed  in 
all  subse(inent  experiments  and  was  found  to  be  quite  satisfactory. 
Next  a  perforated  cork  was  su])stituted  for  the  one  already  in  the  cen- 
tral aperture,  and  a  glass  tube  was  inserted  in  it,  which  in  turn  was 
connected  by  a  rub})er  tube  with  a  rubber  bag  containing  a  mixture  of 
plaster  and  water  and  supported  by  boards  between  the  jaws  of  a  vise. 
The  mouth  of  the  bag  was  closed  and  the  vise  was  slowlv  tightened 
until  most  of  the  plaster  had  been  forced  through  the  tubing  into  the 
sediments.  The  results  of  this  experiment  will  be  described  in  detail 
later  (Exp.  I,  figs.  101  and  102).  It  is  for  the  moment  only  necessary 
to  state  that  the  experiment  was  quite  satisfactor}^  as  far  as  it  went; 
but  this  and  several  others  performed  on  the  same  apparatus,  although 
more  or  less  successful,  showed  that  the  scale  was  too  small,  that  the 
method  of  injection  was  inadequate,  and  that  the  material  u.sed  for 
injection  was  not  to  be  relied  upon,  as  there  was  no  means  of  regulating 
its  liquidity  or  viscosit}'  and  preventing  its  very  rapid  solidification. 

CONSTRUCTION  OF  APPARATUS. 

After  some  study  of  the  good  and  bad  points  of  the  preliminary 
apparatus,  the  instrument  figured  in  PI.  XLII,  and  in  cross  section 
m  fig.  100  was  constructed.  The  principal  working  parts  of  the  appa- 
ratus are  the  .sheet  of  boiler  plate  a,  (fig.  100),  the  cylinder  c^  the 
piston  head  p^  the  screw  *,  and  the  conduit  plate  d.     The  boiler  plate, 
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one-quarter  inch  thick  and  3  feet  square,  is  supported  by  the  frame 
f.  At  its  center  was  cut  a  hole  of  the  same  diameter  as  the  inside  of 
the  cj'linder,  8i  inches.  The  cylinder,  of  cast  iron,  is  bolted  to  the 
under  surface  of  the  boiler  plate  directly  beneath  the  hole.     Working 


i.  100.— Cross  section  of  intrusion  machine. 


in  the  cylinder  is  the  piston  head,  composed  of  two  beveled  disks  of 
cast  iron,  bolted  together,  the  open  space  caused  l)y  the  beveling  being 
packed  with  hemp.  This  piston  is  forced  up  and  down  by  means  of  a 
screw  .V,  operated  by  the  wheel  (j.     The  pitch  of  this  screw  is  one- 
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fifth  inch.  The  conduit  plate  d  is  one  of  the  three  shown  at  the  base 
of  the  apparatus  in  PI.  XLII.  The  lirst  has  a  long,  narrow  slot  cut 
through  the  center;  the  second  has  two  of  these  slots  intersecting  at 
the  center  at  right  angles  to  each  other,  while  the  third  has  a  series  of 
6  holes  in  which  plugs  may  be  screwed.  Some  of  these  plugs  serve 
to  close  the  apertures,  while  others  are  pierced  or  have  small  tubes  of 
brass  running  through  them  and  extending  above  the  surface  of  the 
plate.  By  means  of  these  plates  conduits  resembling  fissures  or  of  the 
hypothetical  tul)ular  form  may  be  used.  The  method  of  oi)erating  the 
appai-atus  is  as  follows: 

The  piston  is  first  ])rought  down  to  its  lowest  point  and  the  cylinder 
is  filled  Avith  wax,  Avhich  is  melted  by  means  of  the  Bunsen  l)urners  Ij  1>. 
The  level  of  the  wax  is  then  brought  to  the  top  of  the  cylinder  by 
advancing  the  piston  a  short  distance,  and  one  of  the  conduit  plates  is 
bolted  to  the  boiler  plate  over  the  mouth  of  the  cylinder.  Next  the 
grooved  boards  e  e  are  fitted  over  the  extending  edges  of  the  l)oiler- 
plate  and  their  ends  are  screwed  together.  All  joints  or  openings  are 
painted  with  melted  wax  or  paraffin  to  make  them  water-tight.  The 
tank  is  then  ready  for  receiving  the  sediments,  which  are  deposited  in 
the  manner  already  described.  This  having  been  accomplished  the 
excess  of  water  is  drawn  off  through  a  tap  near  the  bottom  of  one  of 
the  boards.  After  the  sediments  have  dried  sufficiently  the  Bunsen 
burners  are  lighted  and  allowed  to  play  on  the  cylinder  for  a  few  min- 
utes longer  than  the  time  required  to  melt  the  wax,  determined  at  the 
first  melting.  The  gas  is  then  turned  oft'  and  injection  is  started  bj' 
sloAvlv  turning  the  screw.  As  has  been  alread}-  said,  the  pitch  of  the 
screw  is  one-fifth  inch  and  the  inside  diameter  of  the  cylinder  is  8i 
inches.  Thus  one  complete  turn  of  the  screw  would  advance  the  piston 
one-fifth  inch  and  a  little  over  10  cubic  inches  of  material  would  be 
forced  out  of  the  cylinder,  or  for  an  advance  of  1  inch  of  the  piston  .53 
cubic  inches  of  wax  would  be  injected  into  the  sediments.  After  the 
injection  has  been  accomplished  the  sides  of  the  tank  may  l)e  removed 
and  the  model  sectioned  and  photographed. 

Of  the  following  five  experiments  described  the  first  two  were  per- 
formed by  means  of  the  preliminary  apparatus  and  the  last  three  with 
the  special  instrument. 

EXPERIMENT   I.      IRREGULAR   INTRUSIONS. 

Process. — The  sedimentary  section  has  already  been  given  for  this 
experiment  (p.  292).  It  was  found  later,  on  cutting  the  model  after 
intrusion,  that  the  individual  layers  were  not  so  uniform  in  thickness 
as  they  should  be,  and  especial  attention  was  paid  to  this  in  all  later 
experiments,  more  time  being  given  for  each  la3^er  to  settle  before  the 
next  was  added,  and  greater  care  being  taken  to  insure  an  even  distri- 
bution of  material. 
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The  plaster  and  water  which  was  to  be  injected  had  about  the  con- 
sistency of  thick  cream,  and  was  colored  red  to  distinguish  it  from  the 
plaster  layers  in  the  model.  The  time  required  for  the  intrusion  was 
of  necessit}'  rather  short,  as  the  mixture  of  plaster  and  water  solidified 
very  rapidly.  An  even  pressure  was  maintained  by  means  of  the  vise 
for  two  minutes,  at  the  end  of  which  time  most  of  the  plaster  had  been 
forced  into  the  model.  Slight  oscillation  occurred  on  the  surface 
during-  intrusion,  but  there  was  no  fracturing'  and  no  marked  doming. 
Just  before  injection  was  stopped  the  intrusive  material  broke  through 
the  sediments  near  the  edge  of  the  pan  and  flowed  out  on  the  surface. 


ctions.     Kxperimci 


rVvw.s'  HivtioiiN. — As  soon  as  the  plaster  had  hardened  the  model  was 
cut  in  sectors,  the  first  to  T)e  removed  being  directly  opposite  the 
point  where  the  plaster  had  flowed  out.  In  this  region  it  was  found 
that  the  intrusive  had  spread  as  a  thin  sheet  in  the  first  coal-dust  laj'er 
and  extended  continuously  from  the  center  about  halfway  to  the  edge 
of  the  pan.  From  this  point  sections  were  made  at  intervals  of  one- 
half  inch  at  the  perimeter  (of  which  fig.  101,  «,  I,  c,  and  d,  and  sec.  2  of 
PI.  XLIJI  are  examples),  and  very  soon  marked  variations  were 
encountered.  The  intrusion  was  approaching  nearer  to  the  edge,  and 
seemed  to  have  entered  the  coal  as  fingers  from  the  main  sheet,  small 
isolated  patches  being  (Micountcred  as  sliown  on  the  right-hand  side  of 
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sec.  2  of  PL  XLIII  and  in  «,  h,  and  e  of  fig.  101.  As  the  region  of 
eruption  was  approached  .still  greater  irregularities  occurred;  several 
fingers  of  the  intrusive  were  found  in  the  second  coal  horizon,  and  con- 
siderable deformation  of  the  adjacent  beds  was  noted  (/>',  e,  and  d,  of 
fig,  101).  Sec.  2  of  PI.  XLIII  is  drawn  from  the  edge  of  the  pan  at  the 
point  of  extrusion,  halfway  to  the  center.  It  is  more  or  less  general- 
ized, but  will  .serve  to  bring  out  the  several  points  characteristic  of  this 
experiment.  It  will  be  noted  that  above  the  horizon  of  massive  plaster 
in  the  middle  of  the  column  practically  no  deformation  has  taken  place, 
most  of  the  irregularities  ])eing  due  to  bedding,  while  the  beds  below 
have  been  much  disturl)ed.  Just  ])elow  and  to  the  right  of  the  intru- 
sion in  the  .second  coal  horizon  the  marble-dust  layer  has  been  folded, 

and  a  little  farther  on 
(r,  tig.  101)  this  fold 
develops  into  a  frac- 
ture through  which  the 
intrusive  has  risen  and 
forced  its  waj'  as  a  fin- 
ger into  the  stratum  of 
coal  dust.  Near  the 
edge  another  fracture 
occurred  and  through 
this  the  intrusive 
flowed  to  the  surface. 
In  the  lower  horizon  of 
intrusion  considerable 
variations  in  the  thick- 
ness may  be  observed, 
and  also  a  tendency  to 
form  local  lenticular 
swellings. 

Ground  2)Ian. — The 
plan  of  the  intrusion  was  roughly  elliptical  with  the  conduit  at  one 
of  the  foci  (fig.  102).  About  the  other  focus  was  a  region  of  coal  dust 
into  which  the  plaster  had  not  intruded,  apparently  having  flowed 
about  it. 


Fig.  102.— Ground  plan  of  laccolith.  Experiment  I, 


EXPERIMENT   II.     SYMMETRICAL   LACCOLITH. 


Process. — The  results  of  the  second  experiment  were  in  marked 
contrast  to  those  of  the  one  just  described.  The  greater  regularity  in 
the  form  of  the  intrusion  was  in  a  large  measure  due  to  the  nature 
of  the  sediments,  there  being  more  and  thinner  plaster  layers  than  in 
the  first  .series,  and  also  thinner  coal  layers,  the  strata  being  therefore 
uniformly  thin  bedded  and  flexible.  The  result  was  that  the  pressure 
brought  to  l)ear  on  the  overh'ing  beds  by  the  intruding  magma  was 
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uniformly  distributed  and  transmitted  with  little  or  no  loss  by  lateral 
deformation  to  the  ver}-  top  of  the  column.  In  the  first  experiment 
the  overlying-  coal  laj'ers  were  so  thick  and  so  loosel}'  compacted  that 
the  upward  pressure  expended  itself  soleh^  in  compressing-  the  strata, 
or  in  pushing  aside  and  rearranging-  the  individual  grains  of  coal. 
The  conditions  of  intrusion  were  the  same  in  both  experiments,  but 
in  Experiment  II  injection  was  accompanied  by  a  gentle  doming- about 
the  center,  with  resulting-  radial  fractures. 

Section. — A  section  of  this  model  is  shown  in  PI.  XLIII.  The 
symmetr}"  of  the  laccolith  and  the  relation  of  the  overl3ing  beds  to 
it  are  well  shown,  and  were  almost  as  diagrammatic  in  the  original  as 
the\-  are  in  the  figured  section.  One  interesting-  point  was  the  horse 
of  plaster  which  was  carried  up  from  the  basement  layer  of  plaster 
and  floated  in  the  magma  (compare  Dome  Mountain,  PI.  XXI,  section 
D-E;  also  Carriso  Mountains,  fig.  81,  p.  210).  The  following-  is  the 
order  in  which  the  sediments  were  deposited,  the  total  thickness  being 
about  half  an  inch: 


10.  Sand. 

6.  Sand. 

.3.  Plaster. 

9.  Pla.ster. 

5.  Plaster. 

2.  Coal. 

8.  Coal. 

4.  Sand. 

1.  Plaster. 

7.  Marble. 

The  remaining-  experiments  were  all  performed  by  means  of  the 
special  apparatus. 

EXPERIMENT   III.      EXTRUSION,   SILL,   AND   LACCOLITH. 

Procem. — The  conduit  plate  with  the  single  slot  was  in  place  and  the 
bottom  of  the  tank  was  covered  with  plaster  to  make  a  smooth  surface 
flush  with  the  plate,  and  the  tank  was  partly  filled  with  water.  The 
following  series  of  sediments  were  then  deposited  to  the  depth  of 
about  2.5  inches: 


12.  Sand. 

8.  Sand. 

4.  Sand. 

11.  Marble. 

7.  Marble. 

3.  Marble. 

10.  Coal. 

6.  Coal. 

2.  Coal. 

9.  Marble. 

5.  Plaster. 

1.  Plaster. 

Previous  to  the  deposition  of  the  sediments  the  cylinder  had  been 
filled  with  a  mixture  of  beeswax,  paraftin,  atid  ozokerite.  It  was 
found  that  thirty  minutes  were  required  to  melt  this  mixture. 

After  the  sediments  had  been  allowed  to  dry  for  forty-eight  hours 
the  wax  was  melted  and  injection  started.  The  piston  was  advanced 
■1  inches  in  fifteen  minutes,  at  the  end  of  which  the  whole  model  was 
gently  domed.  Several  radial  fractures  had  developed  about  the  cen- 
ter, and  part  of  an  encircling-  fracture  was  also  formed.  The  piston 
being  advanced  farther  two-fifths  inch,  wax  began  to  flow  from  the 
intersection  of  one  of  the  radial  fractures  with  the  encircling  fracture. 
The  eruption  continued  for  about  five  minutes,  a  small  wax  cone  being 
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formed,  and  the  excess  of  wax  flowing  off  in  four  or  five  well-defined 
streams.  A  further  slight  advance  of  the  piston  started  the  wax  again, 
and  after  it  had  stopped  flowing  for  the  second  time  the  whole  mass 
was  allowed  to  cool  and  solidify  for  twenty  minutes.  At  the  end  of 
this  period  the  piston  was  advanced  1^  inches  in  twent}'  minutes.  By 
this  time  the  wax  had  become  extremelv  viscous,  and  the  result  was  a 
small  steep  dome  directly  over  the  conduit,  accompanied  by  circular 
fracturing. 

aSVc^/V/??*.— When  the  wax  had  thoroughly  cooled,  sections  of  the  model 
were  made,  the  most  tvpical  one  being  through  the  top  of  the  dome 
and  cutting  the  conduit  through  which  the  wax  had  risen  to  tlie  surface 
and  had  overflowed.  This  section  (sec.  3,  PI.  XLIIl)  showed  that  the 
wax  first  intruded  had  entered  the  lowest  layer  of  coal  dust,  had  spread 
out  as  a  sheet  or  sill,  and  had  broken  up  through  certain  fissures,  sat- 
urating the  absorbent  layers  of  coal  and  sand  locally;  on  reaching  the 
surface  it  flowed  out,  forming  a  miniature  volcano.  The  second  intru- 
sion did  not  rise  above  the  first  sill,  but  lifted  it  and  the  fii'st  plaster 
layer,  fracturing  the  beds  above,  but  not  causing  an}'  break  in  the  sill. 
The  eficct  of  wax  coming  through  the  fissure-like  conduit  was  to  give 
the  base  of  the  laccolith  a  somewhat  elliptical  outline,  the  longest 
diameter  being  in  line  with  the  conduit.  This  experiment  brought 
out  in  an  interesting  manner  the  tendency  of  a  magma  when  extremel}' 
liquid  and  rapidly  injected  to  form  sheets  or  sills,  and  when  more 
viscous  to  form  laccolithic  bodies.  Two  distinct  t3^pes  of  fracturing 
in  the  overlying  sediments  were  noted,  the  one  of  fi'actures  concentric 
about  the  center  of  the  dome,  the  other  of  fractures  radiating  from  the 
center  of  the  dome.  Fiacturing  according  to  the  first  type  will  begin 
in  the  beds  immediately  above  the  intrusive  at  the  point  where  its 
surface  is  concave  and  where  the  sediments  are  being  folded  into  an 
encircling  monocline.  Fracturing  according  to  the  second  type  will 
begin  at  the  apex  of  the  domed  sediments. 

EXPERIMENT   IV.     UNSYMMETRICAL  LACCOLITH. 

Process. — In  Experiment  IV  the  conduit  plate  having  six  holes  was 
used  with  two  conduits  extending  above  the  level  of  the  plate.  One 
was  vertical,  while  the  other  was  inclined  at  an  angle  of  60  degrees 
with  the  horizon  in  the  dii-ection  of  the  first — i.  e.,  its  walls  dipping 
away  from  the  first.  The  bottom  was  covered  with  sand  until  its  sur- 
face was  flush  with  the  top  of  the  conduit  plate,  then  water  was  intro- 
duced and  the  sediments  were  deposited  in  the  following  order: 

20.  Sand.  13.  :Marble.  6.  Plaster. 

19.  Plaster.  12.  Sand.  5.  Marble. 

18.  Sand.  11.   Plaster.  4.  Sand. 

17.  Coal.  10.  Sand.  3.  Plaster. 

16.  Plaster.  9.  Coal.  2.  Sand. 

15.  :Marble.  8.  Plaster.  1-  Plaster. 

14.  Sand.  7.  Coal. 
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Superficial  (Joni! ng. — The  injection  in  thi.s  experiment  was  very  slow, 
one  complete  turn  of  the  wheel  being  made  in  three  minutes.  There 
was  no  apparent  doming  at  the  surface  until  after  the  piston  had  been 
advanced  4  inches,  but  from  this  point  on  a  very  well-defined  unsjmi- 
metrical  dome  began  to  form.  As  will  be  seen  in  A  and  B  of  PI. 
XLIV,  there  is  a  gentle  upward  slope  from  the  left,  which  continues 
well  past  the  center  of  the  model,  while  to  the  right  the  rise  to 
the  summit  is  very  abrupt.  The  high  angle  of  this  slope  was  accen- 
tuated by  the  fracture  indicated  in  sec.  -t  of  PI.  XLIII.  The  strata  to 
the  left  of  this  fracture  were  lifted  by  the  force  of  intrusion  and  made 
a  well-defined  fault  scarp,  which  was  very  striking  during  the  process 
of  injection,  but  which  soon  became  obscured  b}'  the  sifting  in  of  dry 
sand  at  the  surface.  This  main  fracture  was  the  only  one  noted  dur- 
ing the  intrusion,  but  several  other  minor  ones  were  discovered  on 
cutting  the  model. 

Sedio„.s.~V\.  XLIV,  B,  and  sec.  4  of  PI.  XLIII,  illustrate  fairly  well 
most  of  the  interesting  points  of  this  experiment.  In  all  the  other 
experiments  the  wax  spread  out  in  a  layer  of  coal  dust,  corresponding 
to  shales  in  nature,  but  in  this  case  the  main  intrusion  was  in  the  horizon 
of  sand  over  the  first  plaster  laj'er.  Just  above  the  inclined  conduit  in 
the  colored  section  a  peculiar  nuishroom-shaped  ])ody  of  wax  is  seen, 
and  another,  not  shown  in  the  diagram,  was  found  over  the  second  con- 
duit. Evidently  the  upper  edges  of  the  conduit  tubes  were  somewhere 
in  the  middle  of  the  first  marble-dust  horizon  when  injection  was 
started,  and  the  wax,  finding  the  intrusion  difficult  in  the  closely-packed 
marble  dust,  flowed  downward  and  spread  out  in  the  underlying  sand 
layer,  and  subseqvuMitly  lifted  all  the  overlying  beds.  These  project- 
ing conduit  tubes  are  necessaril3'  artificial  in  their  relations  to  the 
sediments  and  are  unlike  anything  in  nature.  A  number  of  small  dikes 
occurred,  filling  local  fractures,  but  the  main  intrusion  was  purely  lac- 
colithic.  One  characteiistic  which  this  experiment  shares  in  common 
with  the  first  is  the  mashing  of  the  mai-ble  dust  at  the  extreme  right  of 
the  laccolith.  Th(>  plaster  iiumediately  below  has  been  fractured  and 
the  right-hand  poition  has  been  faulted  upward  half  an  inch  above  its 
original  position,  tmt  th(>  plaster  layer  next  above  has  not  been  involved 
in  this  movement.  The  interv(>ning  layers  of  coal  and  marble  dust, 
because  of  the  lack  of  cohesion  of  their  individual  particles,  have  l)een 
pushed  aside  and  have  not  tiansmitted  tlie  force  coming  from  below  to 
the  overlying  beds.  The  point  to  be  particularly  noted  in  this  experi- 
ment is  the  asynunetry  of  th(>  dome  and  its  relation  to  the  inclined 
conduit.  A  magma  rising  lliioughan  in«'lined  conduit  tends  to  form  an 
unsymmetrical  laccolith  whose  thickness  is  greatest  in  the  direction  in 
which  the  conduit  is  inclined  from  the  V(>rtical.  Such  an  inclined  con- 
duit corresponds  with  the  case  of  inclined  dikes  following  Algoidiian 
lamination  upward  to  tlif  Cambrian  unconformity  (sim'  C'liai).  11.  pp. 
203-204). 

21  CKOi.,  i-t8— 01 -'1 
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EXPERIMENT  V.     EFFECT  OF   LOAD   AND   OF   EROSION. 

Intrusion. — A.s  it  was  intended  to  try  the  effects  of  artiticial  erosion 
on  the  lacfolith  formed  in  this  experiment,  special  arrangements  were 
made  to  facilitate  the  transfer  of  the  model  from  the  injection  apparatus 
to  the  erosion  tank.  The  conduit  plate  having-  six  holes  was  used,  all 
the  holes  but  the  central  one  being  closed.  This  was  left  as  a  simple 
circular  opening  without  any  projecting  tube.  When  this  plate  had 
been  bolted  in  place  sand  w^as  added,  as  usual,  until  it  was  level  with  the 
top  of  the  plate.  A  sheet  of  zinc  35  inches  square,  having  a  hole  in 
the  center  to  correspond  with  that  in  the  boiler  plate,  was  then  laid 
in  place.  The  purpos(>  of  this  sheet  of  zinc  was  to  supply  some  sort  of 
support  for  the  model  while  it  was  being  slid  from  the  injection  appa- 
ratus to  the  board  on  which  it  was  carried  to  the  erosion  tank.  The 
zinc  having  })een  placed  in  position,  water  was  added,  and  the  sedi- 
ments were  deposited  as  follows: 


23.  Saii'l. 

15.  f^aiid. 

7.  Coal. 

22.  Marble. 

14.  Plas^ter. 

6.  Plaster. 

2L  Pla.-ter. 

18.  Marl)le. 

5.  Marble. 

20.  :Mar1)le. 

12.  Coal. 

4.  Coal. 

19.  Sand. 

11.  Marble. 

3.  Marble. 

18.  Marble. 

10.  Sand. 

2.  Sand. 

17.  Coal. 

9.  Plaster. 

1.  Plas-ter 

16.  Marble. 

S.  Marble. 

After  the  sediments  had  dried  somewhat,  a  cloth  was  placed  over 
them  and  300  pounds  of  shot,  to  sinuilate  load  of  superincumbent  sed- 
iments, were  evenly  distribut(!d  over  the  surface.  The  wax  was  then 
melted  and  allowed  to  cool  for  forty-five  minutes  before  injection  was 
started.  This  was  to  insure  viscosity.  The  piston  was  then  advanced 
5  inches,  the  speed  averaging  1  inch  in  fifteen  minutes.  At  the  end 
of  the  injection  the  wax  had  become  ver>^  hard  and  it  was  impossiljle 
to  force  anv  more  into  the  n)odel.  When  the  shot  was  removed  it  was 
found  that  a  very  symmetrical  dome  had  been  formed  (Pi.  XLY).  with 
one  distinct  fracture  crossing  the  dome  at  its  summit. 

Er()i<i(m. — The  model  was  then  transferred  to  the  erosion  tank,  great 
care  being  taken  not  to  cause  any  further  fracturing  of  the  sediments. 
A  few  fractures  indeed  developed  at  the  sides  and  corners,  but  they 
were  not  of  sufficient  importance  to  affect  in  any  way  the  process  of 
erosion.  The  erosion  tank,  6  feet  square  and  1  foot  deep,  had  a 
special  flood  gate  by  means  of  which  the  water  level  might  1>e  kept 
constant  or  changed  at  will.  The  water  which  was  to  accomplish  the 
erosion  was  supplied  in  the  form  of  a  fine  mist.  By  means  of  a  small 
perforated  nozzle,  several  jets  of  water  were  thrown  with  some  force 
against  a  fine-meshed  sieve,  with  the  result  that  a  large  part  of  the 
water  passed  through  and  became  atomized.  As  a  certain  amount  of 
drip  from  the  sides  of  the  sieve  accompanied  the  process,  it  was  found 
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necessary  to  place  the  spraj'ing-  tipparatus  at  one  side  of  the  model 
instead  of  directly  over  its  center.  The  shower  was  arranged  so  that 
the  bulk  of  the  water  fell  at  the  center  of  the  model,  but  some  parti- 
cles of  water  were  carried  beyond,  while  others  fell  short,  the  result 
being  that  there  was  a  zone  of  maximum  rainfall  extending  from  one  side 
of  the  model  to  the  other  and  passing  over  the  dome.  This  necessarih' 
influenced  the  drainage.  As  shown  in  PL  XLVI,  A  and  B  represent- 
ing an  earlier  and  a  later  stage  of  degradation,  two  main  streams  devel- 
oped in  the  line  of  maximum  rainfall,  flowing  in  opposite  directions 
from  the  dome,  and  in  a  Very  short  time  after  erosion  commenced 
they  had  captured  all  the  drainage,  which,  as  shown  in  PI.  XLVI,  -4, 
was  initially  radial.  Sevei'al  small  streams  consequent  upon  the  initial 
slope  flowed  from  the  dome  and  united  near  its  base  to  form  the  four 
encircling  master  streams.  Two  of  these  master  streams  on  each  side 
united  and  formed  the  two  trunk  streams  which  drained  the  whole 
region.  The  action  of  frost  and  the  disintegration  of  rock  due  to  the 
chemical  action  of  surface  water  could  not  ]>e  imitated,  but  similar 
results  were  brought  about  by  the  impact  of  the  tine  particles  of  water 
on  the  various  layers  of  sand  and  plaster  and  coal.  The  forc,e  of  the 
descending  mist  was  indeed  sufficient  to  cause  a  breach  at  the  sunmiit 
of  the  tirst  plaster  hn'er  exposed,  long  before  the  streams  had  cut  into 
the  plaster  on  the  flanks.  Notwithstanding  these  unnatural  conditions, 
revet  hills  were  formed  which  were  not  unlike  those  found  in  nature. 
By  the  time  that  the  tirst  layer  of  plaster  had  been  removed  a  dike 
was  exposed  at  the  left  of  the  sunnnit  (PI.  XLVII,  A),  which  had 
risen  through  the  main  fracture  shown  in  PI.  XLVI,  A.  This  dike  of 
wax  was  not  acted  upon  bv  the  Avater  and  served  to  protect  the  left- 
hand  side  of  the  dome,  deflecting  a  large  part  of  the  drainage  to  the 
right.     The  result  is  shown  in  PI.  XLVII,  .1  and  JJ. 

Section.^. — Sec.  5  of  PI.  XLIII  shows  the  form  of  the  intrusive  in 
this  experiment,  which  was  in  many  ways  the  most  interesting.  The 
laccolith  proper  was  intruded  into  a  layer  of  coal  dust,  as  was  the  sheet 
which  rests  above  the  main  intrusion  to  the  right.  In  the  body  of  the 
laccolith  are  three  horses  of  plaster  which  belong  to  the  horizon  rest- 
ing above  the  intrusive.  It  seems  likely  that  in  the  early  stages  of 
intrusion  fracturing  occurred  in  the  immediate  neighborhood  of  the 
fragments  of  plaster,  and  that  the  wax  rose  above  these  and  entered 
the  main  Assure,  forming  the  dike,  rtrst  following  an  encircling  frac- 
ture and  lat(M-  a  radial  one. 
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SUMMARY   OF   EXPERIMENTS. 
I.  Variations  dependent  on  the  passive  agents. 

1.  If  the  strjita  iminediately  above  the  intrusive  are  hieking  in 
rigidity  and  are  of  considerable  thiekness.  the}'  will  not  transmit  to 
the  overlying  })eds  the  deforming  force  of  the  intrusion,  but  Avill 
themselve.s  be  locally  deformed  and  will  cause  this  force  to  expend 
itself  laterally. 

'2.  The  converse  is  also  true.  If  the  overlying  sediments  are  com- 
])aratively  rigid  they  will  tend  to  transmit  the  deforming  force  of  the 
intrusion  uniformly  in  lines  normal  to  the  surface  of  the  intrusive. 

3.  The  least  coherent  strata  are  the  ones  in  which  intrusion  is  most 
likely  to  occur. 

4.  Thick  beds  of  incoherent  material  favor  the  production  of  intru- 
sive bodies  of  irregular  form. 

5.  For  the  same  viscosity  of  magma  (Kxperiments  IV  and  V,  Pis. 
XLIV.  A.  and  XLV)  it  is  probable  that  the  domical  curvature  of  a  lac- 
colith, other  things  being  equal,  varies  with  the  load,  and  hence  with 
the  thickness  of  supei'incumbent  strata.  That  is.  a  greater  load  pro- 
duces a  higher  dome  of  smaller  ground  plan  for  the  same  volume  of 
intrusive  matei'ial  (see  paragraph  below,  numbered  3.) 

i).  Any  stratigraphic  obstacle  to  horizontal  spreading  (Experiment 
I,  fig.  2  of  n.  XLIII)  may  cause  a  sill  to  thicken  locally  into  domes, 
the  loci  of  these  domes  being  determined  l)y  points  of  weakness  in 
the  overlying  beds.  The  thinner  and  more  flexible  portions  of  the 
superjacent  competent  stratum  under  coal  dust  are  the  points  of  great- 
est doming  in  model  1  (sec.  2  of  PI.  XLIII). 

7.  A  magma  rising  through  an  inclined  conduit  tends  to  form  an 
unsymmetrical  laccolith  whose  thickness  is  greatest  in  the  direction 
in  which  the  conduit  is  inclined  from  the  vertical  (sec.  -iof  Pi.  XLIII). 

8.  Fractures  initially  radial  and  secondly  concentric  tend  to  form  in 
frangible  strata  over  a  symmetrical  dome,  the  radial  fractures  gaping 
upward  and  the  concentric  ones  downward.  Hence  the  latter  are  the 
first  to  give  passage  to  the  intrusive,  which,  through  them,  forms 
peripheral  sills,  or.  in  connection  with  the  radial  fractures,  dikes. 
Over  an  unsynmietrical  dome,  overthrusting  and  escape  of  magma  to 
higher  horizons  will  take  place  in  the  direction  of  greatest  thickness 
of  the  dome  (PI.  XLIV.  B.  and  sec.  -t  of  PI.  XLIII). 

II.  Variations  dependent  on  the  active  agents. 

1.  If  the  magma  is  in  a  condition  of  considerable  fluidity  it  will  tend 
to  spread  as  a  thin  sheet  in  some  stratum  of  least  resistance  (sec.  3  of 
Pi.  XLIII),  and,  conversely, 
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2.  If  the  magma  is  viscous  it  will  tend  to  form  a  true  laccolith,  with 
its  horizontal  extension  restricted  and  its  thickness  increasing  toward 
the  center. 

3.  For  the  same  load  (Experiment  III)  it  is  probable  that  the  domical 
curvature  of  a-  laccolith,  other  things  being  equal,  varies  with  the 
viscosity  (see  paragraph  numbered  5,  above).  That  is,  a  more  viscous 
magma  produces  a  higher  dome  of  smaller  ground  plan  for  the  same 
volume  of  intrusive  material  (sec.  3  of  PI.  XLIII). 

4.  A  viscous  magma  injected  rapidly  probably  tends  to  form  a  dome 
of  smaller  radius,  other  things  being  equal,  than  when  injected  slowly 
(Experiments  111  and  IV). 

In  the  experiments  described  the  injected  wax  was  permitted  to 
break  its  way  into  the  sediments.  The  analogies  to  be  drawn  from 
these  experimental  illustrations  should  therefore  be  confined  to  cases 
of  deformation  directly  due  to  the  intrusive  (see  Chapter  I,  pages 
187-1!S8).  No  attempt  was  made  in  the  experiments  to  imitate  con- 
comitant regional  deformation. 
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tion all  from  whom  I  have  received  assistance  would  be  to  give  a 
catalogue  of  the  principal  mining  men  of  the  Lake  Superior  region. 
However,  four  men  have  turned  aside  from  their  professional  duties 
to  give  .special  assistance.  In  my  early  studies  in  the  Penokee-Gogebic 
district,  where  I  o])tained  the  tirst  clews  as  to  the  development  of  the 
ore  bodies,  the  underground  work  was  done  for  me  by  J.  Park  Chau- 
ning,  who.  under  my  direction,  obtained  plats  of  the  various  mines  of 
the  district,  and  furnished  a  vast  amount  of  accurate  information.  It 
was  the  data  furnished  l)y  Mr.  Channing  tliat  enabled  me  to  work  out 
my  theory  as  to  the  relation  of  the  or(>  deposits  to  dikes.  A  service 
precisely  similar  to  that  of  Mr.  Channing  was  rendered  for  the  Mar- 
quette district  by  James  K.  Thompson.  As  a  result  of  the  exact 
information  as  to  underuiound  phenomena  which  he  gave  me,  I  was 
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able  to  see  that  essentially  the  same  principles  controlled  the  deposi- 
tion of  the  ores  in  that  district  as  in  the  Penokee-Gogebic  district. 
Since  Mr.  Thompson  did  this  work  he  has  moved  to  the  Penokcc- 
Gogebic  district,  where  he  has  charge  of  the  Newport  and  Bonnie 
mines.  Mr.  Thompson  has  given  me  information  which  1  use  in  this 
paper  concerning  faulting  in  the  Gogebic  district.  W.  J.  Olcott  has 
given  me  similar  information  concerning  some  of  the  mines  of  the  ■ 
district.  This  information  in  reference  to  faulting  was  the  final  struct- 
ural datii  necessary  in  order  to  full}'  elucidate  the  development  of  the 
ores  of  the  Pcnokee-Gogel)ic  district.  In  our  work  on  the  Mesabi 
district  Mr.  Olcott  and  J.  U.  Sebenius  have  given  valuable  assistance 
which  is  more  fully  referred  to  on  a  subsecjucnt  page. 

The  statements  as  to  the  ore  ])roduction  are  taken  from  reports  by 
John  Birkinbinc'  or  from  data  furnished  by  him,  except  the  ship- 
ments for  I'.XiO  and  tlie  totals  for  the  ranges,  which  are  taken  from  the 
Iron  Trade  Review. 

From  my  own  writings  I  have  taken  without  <iuotation  such  mate- 
rial as  I  could  advantageously  use. 

IMPOKTAXCK  OF   LAKT]  SlTPKRIOll  IllON  ORKS. 

The  production  of  iron  ore  in  the  United  States  as  a  whole,  and  in 
the  Lake  Superior  region  for  the  ten  years  from  1S!»I  to  l!»Oo,  inclusive, 
Avas  as  follows: 


,//  I  ;,it.d  Slal.s  ,u„l  n,  iMh'  .S„i„ 


Y.ar. 

United  States.    |  Lake  Superior. 

1891 

I.dug  tons.              Imikj  tone. 
14,  .591, 178     1        7.  fi-'l^a-S 

1892 

16,  296,  666 
11,587,629 
11,879,679 

15,  957,  614 

16,  005,  449 
17,518,046 

9,  564,  388 
6, 594,  620 
7  68''  548 

1893     

1894 

189.=)                .                                    ... 

10,268,978 
10,  566, 359 

1896 

1897 

19  -m^i  ^9-f 

1898 

19,433,716     !     13,779,308 
24,68.3,173          17,802,9.55 
25,979,  .393          19. 19i   SftS 

1899 

1900                                                          

The  total  product  from  the  Lake  Superior  region  since  sliipment 
first  began,  in  1850,  to  1900,  inclusive,  is  171,418,984  long  tons. 

From  this  table  it  appears  that  v/hile  the  production  of  the  Lake 
Superior  region  in  the  early  years  of  the  past  decade  was  somewhat 

1  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  \' I ,  Mineral  Resoiireos,  1S9K-99,  pp.  27-37. 
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more  than  half  of  the  total  production  of  the  United  States,  in  the 
years  1897,  1898,  1899,  and  1900  the  Lake  Superior  production  was 
respectively  about  70,  71,  72,  and  74  per  cent  of  the  total  for  the  United 
States.  In  the  years  1899  and  1900  the  Lake  Superior  production 
was  considerabl}^  greater  than  the  total  production  of  the  United 
States  for  1897. 

It  is  also  to  be  remembered  that  the  Lake  Superior  ores  are  of  higher 
grade  than  those  from  other  parts  of  the  United  States,  and  this  makes 
it  clear  that  the  actual  amount  of  iron  produced  in  the  Lake  Superior 
region  is  about  four-tifths  of  the  total  of  the  United  States. 

The  maximum  product  of  Great  Britain,  the  greatest  of  the  iron-ore 
producers  with  the  exception  of  the  United  States,  was  in  1882.  In 
that  year  18,031,957  long  tons  were  produced.^  The  production  of  the 
Lake  Superior  region  alone  for  the  year  1900  surpassed  this  maximum; 
and  the  ore,  being  of  nuich  higher  grade,  contained  much  more  iron 
than  the  product  of  Great  Britain's  best  year. 

It  is  therefore  evident  that  the  Lake  Superior  region  is  bv  all  odds 
the  most  important  single  factor  in  the  world's  production  of  the  metal 
which  is  more  important  to  man  than  all  others. 

■Monthly  Summary  of  Commerce  and  Finance  lor  August,  1900;  Bureau  of  Statistics,  Treasury 
Department,  p.  201. 
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CHAPTER    I. 

GEIS^EKAX.  DISCUSS  I  OX  OF  PRIXCIPr.ES. 

GENERAL   STRATIGRAPHY. 

The  iron-bearing  distriets  of  tiie  Lake  Superior  rejfion  have  been 
the  special  subjects  of  study  of  the  Lake  Superior  division  of  the 
United  States  Geological  Survey.  This  division  was  organized  in 
1883.  From  1883  to  1888  it  was  in  charge  of  the  late  Prof.  Roland  D. 
Irving,  I  being  one  of  his  assistants.  Since  1888  the  division  has  been 
in  mv  charge. 

Since  1883  the  work  of  the  division  has  ))een  largely  restricted  to 
two  main  lines  of  investigation;  first,  general  studies  of  Lake  Superior 
stratigraphy;  and,  second,  detailed  studies  of  the  various  districts 
which  yield  iron  ores,  leading  to  the  preparation  of  monographic 
reports  upon  these  districts.  At  the  present  time  the  work  is  suffi- 
ciently far  advanced  to  determine  the  general  stratigraphv  of  the 
region  south  of  the  Canadian  line  to  a  reasonable  degi'ce  of  certainty. 
Disregarding  comparatively  late  formations,  this  structural  study 
shows  that  there  are  in  this  region  five  unconformable  series  from  the 
top  downward,  as  follows: 

(1)  The  Cambrian,  which  in  the  Lake  Superior  district  is  mainly 
represented  by  the  Lake  Superior  sandstone. 

(2)  The  Keweenawan  or  copper-bearing  series,  consisting  of  two 
divisions,  the  rocks  of  the  lower  division  being  largely  igneous,but  con- 
taining interstratified  sediments,  and  those  of  the  upper  being  Avholly 
sedimentary. 

(3)  The  Upper  Huronian,  mainly  a  sedimentary  series,  but  locally 
containing  great  series  of  volcanic  rocks,  and  cut  by  intrusives  of 
Upper  Huronian  and  Keweenawan  ages. 

(i)  The  Lower  Huronian,  consisting  mainly  of  sedimentary  rocks, 
but  in  certain  districts  including  volcanics.  This  series  is  cut  by 
intrusive  rocks  of  Lower  Huronian  and  later  ages. 

(5)  The  Archean  or  Basement  complex,  composed  mainly  of  ancient 
igneous  rocks,  both  plutonic  and  volcanic,  but  apparently  including 
subordinate  amounts  of  sediments.  Into  these  ver}'  ancient  igneous 
rocks  later  igneous  rocks  of  many  kinds  have  been  intruded  at  various 
times. 

Those  series  are  separated  from  one  another  by  great  unconformities. 
It  is  not  the  purpose  of  this  paper  to  describe  the  formations  of  each 
of  these  series  nor  to  give  evidence  as  to  their  structural  relations. 
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These  matters  have  been  discussed  b}-  Irving  and  mj'self  in  various 
papers,  to  which  reference  can  be  made  by  anyone  desiring  fuller  infor- 
mation on  this  part  of  the  subject.' 

The  Lower  Huronian  and  Upper  Huronian  series  together  consti- 
tute the  Huronian  for  the  Lake  Superior  region.  These  series  are 
called  Huronian  because  they  are  believed  to  be  equivalent  to  the 
Upper  Huronian  and  Lower  Huronian  of  the  original  Huronian  dis- 
trict north  of  Lake  Huron.  Within  these  Huronian  rocks  the  great 
majority  of  the  workable  iron-ore  deposits  of  the  region  occur,  although 
a  number  of  very  important  deposits  are  found  in  the  Archean.  Fre- 
quenth',  in  papers  on  these  series,  the  term  Iron-bearing  series  will  be 
used  in  apposition  to  Hui'onian  series,  preciseh^  as  the  term  Copper- 
bearing  series  is  found  in  apposition  to  Keweenawan. 

It  is  well  known  that  within  the  Lake  Superior  region  of  the  United 
States  there  are  six  iron-bearing  districts.  These  are  the  Marquette, 
the  Crystal  Falls,  the  Menominee,  the  Penokee-Gogebic,  the  Mesabi, 
and  the  Vermilion.     At  the  present  time  the  Lake  Superior  division 

1  R.  D.  Irving:  Divisibility  of  the  Archean  in  the  Northwest:  Am.  Jour.  Sci.,  3d  series,- Vol.  XXIX,  1885, 
pp.  237-229.  Is  there  a  Huronian  group?:  Am.  Jour.  Sci. ,  3d  series,  Vol.  XXXIV,  1887,  pp.  204-210,  24»-263, 
365-371.  Preliminary  paper  on  an  investigation  of  the  Archean  formations  of  the  Northwestern 
states:  Fifth  Ann.  Rept.  U.  S.  Geol.  Survey,  1885,  pp.  17.S-242.  On  the  classification  of  early  Cambrian 
and  pre-Cambrian  formations:  Seventh  Ann.  Rept.  U.  S.  Geol.  Survey,  1888,  pp.  365-454. 

C.R.VanHise:  An  attempt  to  harmonize  some  apparently  conflicting  views  of  Lake  Superior  stratig- 
raphy: Am.  Jour.  Sci.,  3d  series,  Vol.  XLI,  1891,  pp.  117-136.  Correlation  papers— Archean  and  Algon- 
kian:  Bull.  U.  S.  Geol.  Survey  No.  86.  Principles  pf  North  American  pre-Cambrian  geology  (with 
Appendi.x  by  L.  M.  Hoskins) :  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  1, 1896,  pp.  573-874. 

The  foregoing  papers  render  it  unnecessary  for  me  here  to  take  up  the  general  stratigraphy  of  the 
Lake  Superior  region.  However,  our  work  north  of  Lake  Superior,  in  northeastern  Minnesota 
and  Canada,  has  upon  two  points  modified  our  published  conclusions  as  to  succession  and  corre- 
lation. Those  who  compare  this  paper  with  earlier  papers  will  note  two  important  modifications. 
First,  the  Archean  has  heretofore  been  supposed  to  be  composed  wholly  of  igneous  rocks;  no  sedi- 
ments have  been  recognized  in  this  division  of  the  prc-Cambrian.  The  north-shore  work,  however, 
makes  it  very  probable  that  certain  of  the  .sedimentary  iron-bearing  formations  must  be  included  in 
the  Archean.  As  examples  of  such  are  the  productive  iron  formations  of  the  Vermilion  and  Michi- 
picoten  districts.  This  modification  is  important  from  a  theoretical  point  of  view,  since  it  will  make 
changes  necessary  in  my  general  definition  of  the  Archean  and  of  the  Algonkian.  The  Algonkian  has 
been  defined  to  include  all  pre-Cambrian  sedimentary  rocks.  The  Archean  has  been  defined  to 
include  all  pre-.A.lgonkian  rocks,  and  has  been  supposed  to  contain  igneous  rocks  only.  These  defini- 
tions must  be  modified  so  as  to  include  in  the  Algonkian  all  pre-Cambrian  series  which  arc  dom- 
inantly  of  sedimentary  origin,  or  equivalent  in  age  with  those  which  are  dominantly  of  sedimentary 
origin.  The  Archean  must  be  defined  to  comprise  the  rocks  older  than  the  Algonkian,  which  are 
dominantly  of  igneous  origin,  but  which  may  include  .subordinate  amounts  of  sediments.  Recent 
work  in  northwestern  Europe,  and  especially  in  Scotland,  Scandinavia,  and  Finland,  where  the 
ancient  rocks  are  best  exposed  in  Europe,  shows  that  these  mo<Uficutions  in  the  definitions  of  the 
Archean  and  Algonkian  are  also  there  applicable.  The  changes  arc  quite  iii  line  with  what  might  be 
expected;  lor  in  recent  years  no  one  feature  in  geological  advance  has  been  more  significant  than  the 
sweeping  away  of  sharp  dividing  linos  between  the  various  periods. 

Second,  the  iron-bearing  formations  of  the  Vermilion  and  similar  districts  I  have  heretofore  regarded 
as  Lower  Huronian.  In  placing  these  formations  in  the  Archean  I  recognize  three  series  in  which 
productive  ore  formations  are  found,  the  Upper  Huronian,  the  Lower  Huronian,  and  the  Archean. 

The  evidence  upon  which  these  modifications  of  my  opinion  concerning  Lake  Superior  stratigraphy 
are  based  can  not  be  here  presented  in  detail.  It  will  be  fully  given  in  a  monograph  upon  the  Ver- 
milion district,  to  be  publislied  later.  In  general  it  may,  however,  be  stated  that  our  work  in  the 
Vermilion  district  of  Minnesota  and  oi\  the  Canadian  side  of  the  International  boundary  has  con- 
vinced us  that  bands  of  sedimentary  iron-bearing  formotion  are  Intcrstratified  with  the  upper  part  of 
the  oldest  series  of  the  Lake  Superior  region,  composed  of  greenstones,  greenstone-schist-s,  and  tutTs. 
although  th"  thick  productive  belts  of  the  Archean  appear  to  rest  upon  the  greenstones  and  green- 
stone-schists. 
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of  the  United  States  Geological  Survey  has  published  monographs 
upon  the  Penokee-Gogebic/  the  Marquette,^  and  the  Crystal  Falls 
districts/  and  a  special  folio  upon  the  Menominee  district.*  The 
field  work  upon  the  Menominee  and  Vermilion  districts  is  com- 
pleted, and  monographs  upon  these  districts  are  being  prepared  by 
W.  S.  Bayley  and  J.  Morgan  Clements.  The  detailed  geological  field 
work  in  the  Mesabi  district  was  begun  by  C.  K.  Leith  in  July,  1900. 
Spurr'*  has  prepared  a  report  upon  this  area  which  gives  his  view  of 
the  succession  of  formations  and  the  relations  of  the  iron  ores;  and 
the  Minnesota  geological  survey  has  latel}'^  published  a  somewhat 
detailed  account  of  the  range.*  At  the  present  time,  therefore,  it  is 
possible  to  make  a  general  statement  as  to  the  stratigraphical  positions 
and  origin  of  the  iron-bearing  formations  in  the  Lake  Superior  region 
and  to  summarize  the  principles  which  control  the  deposition  of  the 
ores.  This  is  the  purpose  of  the  present  paper,  which  is  adapted  from 
a  partly  prepared  manuscript  upon  Lake  Superior  geology,  to  bo  later 
published  as  a  monograph  by  the  United  States  Geological  Survey. 
In  this  paper  it  is  not  my  intention  to  discuss  each  mine.  Individual 
mines  Avill  be  mentioned  only  as  illustrative  of  the  manner  of  occur- 
rence of  the  ores.  The  selection  of  mine  plats  for  figures  is  based  upon 
the  excellence  with  which  they  illustrate  the  principles  of  occurrence 
of  ore  rather  than  upon  the  relative  importance  of  the  mines. 

THE  IRON-BEARING  FORMATIONS. 
ROCKS   OF   THE    IRON-BEARING    FORMATIONS. 

The  iron  ores  of  the  Lake  Superior  region  all  occur  within  or  are 
associated  with  certain  formations  which  have  been  called  the  iron- 
bearing  formations.  The  chief  varieties  of  rocks  of  the  iron-bearing 
formations  are  (1)  cherty  iron  carbonates,  (2)  ferrous  silicate  rocks,  (3) 
pyritic  quartz  rocks  (confined  to  the  Archean),  (i)  ferruginous  slates, 
(5)  ferruginous  cherts,  (6)  jaspilites,  (7)  amphibolitic  and  magnetitic 
schists  and  rareh'  pj^roxenic  and  chrj^solitic  slates  or  schists,  (8)  iron- 
ore  deposits,  and  (9)  detrital  ferruginous  rocks  derived  from  the  foi-e- 
going  varieties.  There  are  gradations  between  all  of  the  diflferent 
varieties  of   the   iron-bearing   formations.     Gradation  varieties  also 

'The  Penokee  iron-bearing  series  of  Michigan  and  Wisconsin,  by  R.  D.  Irving  and  C.  li.  Van  Hise: 
Mon.  U.  S.  Geol.  Survey  Vol.  XIX,  1892. 

=  The  Marquette  Iron-bearing  district  of  Michigan,  by  C.  R.  Van  Hise  and  W.  S.  Bayley,  inc  hiding 
a  chapter  on  the  Republic  trough,  by  H.  L.  Smyth:  Mon.  U.  S.  Geol.  Survey  Vol.  XXVIII,  1897.  With 
atlas. 

'The  Crystal  Falls  iron-bearing  district  of  Michigan,  by  J.  Morgan  Clements  and  H.  L.  Smyth,  with 
achapteron  the  Sturgeon  River  tongue,  by  W.  S.  Bayley,  and  an  introduction  by  C.  R.  Van  Hise :  Mon. 
U.  S.  Geol.  Survey  Vol.  XXXVI,  1899. 

< Geologic  Atlas  U.  S.,  folio  62,  Menominee  Special,  1900. 

^The  iron-bearing  rocks  of  the  Mesabi  range  in  Minnesotii,  by  J.  E.  Spiirr:  Bull.  Geol.  Nat.  Hist. 
Survey  Minnesota,  No.  10, 1894,  p.  268. 

«Geology  of  Minnesota,  Chaps.  XIII-XX, by  N.  H.  Winchell  and  U.S.  Grant:  Geol.  Nat.  Hist.  Survey 
Minnesota,  Vol.  IV,  1899. 
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exist  between  the  rocks  of  the  iron -bearing  formations  and  those  of 
the  associated  formations.  For  the  purpose  of  the  present  paper  it  is 
not  necessary  to  consider  these  gradation  varieties. 

The  cherty  iron-bearing  carbonates  are  the  chief  original  sedimen- 
tary rocks  of  the  iron-bearing  formations.  These  are  the  rocks  from 
which  the  other  varieties  of  the  iron-bearing  formations  and  the  iron 
ores  have  been  mainly  produced  by  various  metamorphic  and  sedi- 
mentary processes.  In  the  Mesabi  district  it  has  been  held  that  the 
source  of  the  iron  can  be  traced  to  glauconite.^  But  work  thus  far 
done  by  the  United  States  Geological  Survey  seems  to  indicate  that 
hydrous  ferrous  silicate  and  iron  carbonate  are  the  important  sources 
of  iron  ore  in  that  district.  The  iron  silicate  is  not  glauconite,  since 
analj^ses  by  Steiger  show  that  it  contains  no  alkali.  In  the  Michipi- 
coten  district  of  Ontario  pyrite  and  marcasite  occur  rather  plentifully 
within  the  original  iron-bearing  carbonates,  and  also  very  abundantly 
with  quartz  in  associated  rocks.  Pyritic  quartz  rocks  also  occur  in 
the  Vermilion  district  in  subordinate  quantit}-.  The  iron  sulphide  to 
some  extent  has  undoubtedly  been  a  source  of  the  ores.  But  how- 
ever one  ma}'  emphasize  the  importance  of  ferrous  silicate  and  iron 
sulphide  as  a  source  of  the  ore  bodies,  it  still  remains  true  that  the  iron- 
bearing  carbonates  are  the  dominant  original  sedimentary  rocks  out  of 
which  the  iron-bearing  formations  and  ore  bodies  have  been  produced. 
The  iron-bearing  carbonates  vary  from  nearly  pure  siderite  to  dolomite. 
Thus  the  different  varieties  might  be  called  siderite,  ankerite,  paranker- 
ite,  and  ferriferous  dolomite.  Between  these  definite  minerals  there 
arc  undoubted  gradations.  The  amount  of  chert  which  was  present  in 
original  rocks  of  the  iron-bearing  formations  varies  from  an  insignifi- 
cant quantit}^  to  a  predominant  amount.  On  account  of  the  great 
variability  in  the  compositions  of  the  original  rocks  the  general  term 
cherty  iron-bearing  ('!irl)onates  rather  than  anj^  definite  mineralogical 
term  is  preferred. 

In  the  present  paper  it  is  not  my  purpose  to  enter  into  a  full  discus- 
sion of  the  origin  of  the  cherty  iron-bearing  carbonates,  the  ferrous 
silicates,  and  the  pyrite-ciuartz  rocks.  This  is  an  interesting  and  diffi- 
cult subject,  the  adociuate  discussion  of  which  would  require  a  paper. 
It  is,  however,  ni}'  belief  that  the  iron  for  the  iron-bearing  forma- 
tions was  largely  derived  from  the  more  ancient  basic  volcanic  rocks 
of  the  Lake  Superior  region.  AVhen  the  individual  districts  are  taken 
up  it  will  be  seen  that  a  greenstone,  often  ellipsoidal,  in  many  places 
porous  and  amygdaloidal.  in  many  places  schistose,  and  rich  in  iron, 
is  the  most  characteristic  rock  of  the  Archean,  and  that  similar  rocks 
occur  abundantlv  in  the  Iluronian.  Where  these  igneous  rocks  were 
adjacent  to  the  seas  they  would  be  leached  by  the  underground  water 
and   the  iron  transportinl   to  the  adjacent  seas.     It  is  probable  that 

•The  Iron-bearing  rocks  of  the  Mrsnhi  range,  by  .1.  K.  Siuirr:  Bull.  Geol.  Nat.  Hist.  Survey  >nn- 
nesotn,  No.  10, 1894,  pp.  227-248. 
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to  some  extent  this  leaching  process  also  went  on  below  the  waters  of 
the  sea.  The  iron  was  probably  transported  to  the  water  mainly  as 
carbonate,  but  to  some  extent  as  sulphate.  The  carbonate  would  there 
be  thrown  down  by  oxidation  and  hj'dration  as  limonite,  and  the  sul- 
phate in  part  as  basic  ferric  sulphate.  Much  of  the  sulphate  was  prob- 
ably directly  precipitated  as  sulphide  by  the  organic  material.  The 
limonite  would  be  mingled  with  the  organic  matter  which  was  un- 
doubtedh-  present,  as  shown  b}'  the  associated  carbonaceous  and  graph- 
itic shales  and  slates.  When  deeply  buried  the  organic  matter  would 
reduce  the  iron  sesquioxide  to  iron  protoxide.  By  the  simultaneous 
decomposition  of  the  organic  matter  carbon  dioxide  would  be  pro- 
duced, which  would  unite  with  much  of  the  protoxide  of  iron,  pro- 
ducing iron  carbonate.  The  sulphate  of  the  basic  ferrous  sulphate 
would  be  reduced  to  the  sulphide  by  the  organic  material,  thus  pro- 
ducing the  pyritic  carl)onates.  Where  the  iron  was  brought  to  the 
water  mainly  as  sulphate  the  direct  reduction  of  this  salt  by  organic 
matter  would  form  iron  sulphide  with  little  or  no  carbonate.  Simul- 
taneously with  the  production  of  these  substances  chert  was  formed, 
probabl}'  through  the  influence  of  organisms.'  Some  of  this  silica 
would  unite  with  a  part  of  the  iron  protoxide,  producing  ferrous  sili- 
cate. More  or  less  mechanical  sediment  would  also  be  laid  down. 
Thus  the  original  rocks — the  cherty  iron  carbonates,  the  ferrous  sili- 
cate rocks,  and  the  pyritic  chei'ts — would  be  produced. 

It  has  chanced  that  at  three  different  periods  in  the  history  of  the 
Lake  Superior  region  these  processes  of  the  development  of  the 
original  rocks  of  the  iron-bearing  formations  have  occurred  exten- 
sively. While  this  might  at  first  be  thought  remarkable,  there  is 
no  good  reason  for  thus  regarding  it.  At  some  time  during  each 
of  the  Archean,  Lower  Huronian,  and  Upper  Huronian  periods  the 
quiescent  conditions  of  chemical  and  organic  sedimentation  have 
occurred,  and  since  the  iron-bearing  A^olcanic  rocks  were  each  time 
available  for  the  work  of  underground  waters  and  sea  waters,  natu- 
rally iron  carbonate  and  the  other  original  rocks  have  been  produced. 
In  each  period  the  source  of  the  material  and  the  process  of  its  forma- 
tion were  essentially  the  same. 

Alteratirms  of  the  rocks  of  the  iron-hearing  formations. — The  altera- 
tions of  the  original  rocks  of  the  iron-bearing  formations  have  been 
along  two  general  lines,  depending  upon  whether  the  iron-bearing 
carbonate  or  ferrous  silicate  or  pyrite  when  altered  was  at  the  sur- 
face or  at  considerable  depth.  Where  the  rocks  were  altered  at  or 
near  the  surface,  so  that  oxygen-bearing  waters  wei'e  abundant, 
ferruginous  slates,  ferruginous  cherts,  and  ore  bodies  were  produced. 
Where  the  iron-bearing  carbonate  was  deeply  buried  when  altered, 

'The  Penokee  iron-bearing  series  of  Michigan  and  Wisconsin,  by  R.  D.  Irving  and  C.  R.  Van  Hise: 
Men.  U.  S.  Gcol.  Survey  Vol.  XIX,  1«92,  pp.  24&-2.53. 
Fossil  Medusae,  by  C.  D.  Walcott:  Mon.  U.  S.  Geol.  Survey  Vol.  XXX,  1898,  pp.  17-21. 
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and  especially  where  altered  in  connection  with  igneous  rocks  so  that 
the  temperature  was  rather  high,  the  rocks  which  were  produced  were 
amphibolitic  and  magnetitic  slates  or  schists.  The  formation  of  the 
ferruginous  slates  and  ferruginous  cherts  from  the  iron-bearing  car- 
bonate is  usually  a  process  of  liberation  of  carbon  dioxide  and  of 
oxidation  and  hydration  of  the  iron.  Where  oxidation  takes  place 
with  little  hj'dration,  jaspilites  may  be  formed.  Where  pyrite  is  also 
present  the  process  is  that  of  oxidation  of  both  the  sulphur  and  iron 
and  partial  hydration  of  the  iron.  Where  ferrous  silicate  is  present 
the  process  is  that  of  separation  of  the  silica  and  partial  hydration  of 
the  iron  oxide.  Ordinarily  the  rearrangement  of  the  iron  and  chert 
emphasized  the  original  sedimentsiry  banding. 

The  formation  of  the  amphibolitic  and  magnetitic  schists  and  the 
pyroxenic  and  chrysolitic  schists  from  the  iron-bearing  carbonate  is  a 
process  of  decarbonation,  silication,  and  partial  oxidation.  The  driv- 
ing otf  of  the  carbon  dioxide  leaves  the  protoxide  free.'  The  union  of 
silica  with  iron  protoxide  alone  forms  griinerite  or  fayalite;  with  iron 
and  magnesium,  cummingtonite,  chrysolite,  or  hypersthene;  with  iron, 
magnesium,  and  calcium,  actinolite;  with  these  substances  and  various 
earthy  impurities,  hornblende.  The  excess  of  iron  of  the  carbonate  and 
sulphide  is  oxidized  to  magnetite.  Where  the  original  rock  was  strongly 
pyritic  much  of  this  mineral  usually  remains.  Where  a  part  of  the 
original  material  was  hydratcd  ferrous  silicate,  griinerite,  or  fa3'alite 
forms  from  it  by  simple  dehydration  and  recrystallization.  It  is  only 
where  the  metamorphism  has  been  of  the  most  profound  character,  as 
at  the  west  end  of  the  Guntlint  iron  formation,  that  rhombic  pyroxenes 
and  chrysolite  have  been  produced.  (See  p.  409).  The  reactions  pro- 
ducing this  line  of  products  are  those  of  the  deep-seated  zone.' 

For  the  development  of  jaspilite  further  alterations  are  commonly 
required.  The  first  stage  ordinarily  forms  ferruginous  slate  or  ferru- 
ginous chert  at  or  near  the  surface,  as  above  described.  These  rocks 
when  later  deeply  buried  l)y  sedimentation  and  subsequently  folded 
are  altered  in  the  deep-seated  zone  in  which  dehydration  is  one  of  the 
characteristic  reactions.  The  hydrated  iron  oxides  of  the  ferruginous 
slates  and  ferruginous  cherts  are  changed  to  hematite.  This  gives  the 
rocks  the  l)lood-red  appearance  of  jasper.  The  jaspilites  therefore 
differ  mainly  from  the  ferruginous  slates  and  the  ferruginous  cherts 
in  the  nonhydrated  condition  of  the  iron  oxide. 

During  any  of  the  above  processes  of  alteration  the  iron  oxides  may 
be  more  or  less  concentrated.     The  concentration  may  result  in  bands 

» Metamorphism  of  rocks  and  rock  flowiige.by  C.R.Vnn  Hlset  Bull.  Geol.  Soc.  America,  Vol.  IX, 
1898,  pp.  277-286. 

•Some  principles  controlling  the  dfiHisltion  of  ores,  by  «'.  R.  Van  HIsc:  Tmn».  Am.  Inst.  Mln.  Kng. 
Vol.  XXX,  1900,  pp.  77-78. 

Mct«mon>hi.sm  of  rocks  and  rock  lluwnRC,  by  C.  R.  Van  lllso:    loc.  cit.,  pj..  2-'.>-28<). 

Geology  of  Minnesota,  Vol.  IV,  hsw,  pp.  IW,  476-177. 

Contact  metamorphism  of  a  basic  iirncous  rock, by  U.s.Oraiit:  Bull.  (ieol..Soc.  America,  Vol.  XI, 
1900,  pp.  506-509. 
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of  nearly  pure  iron  oxide  between  the  leaner  portions  of  the  rock. 
It  may  result  in  the  concentration  of  the  iron  oxide  in  veins.  It  may 
result  in  the  concentration  of  the  iron  oxide  in  large  masses  under 
peculiar  conditions,  as  full}'  explained  below,  and  thus  produce  ore 
bodies.  The  ores  are  mainly  somewhat  hydrated  hematite,  but  limonite 
and  anhydrous  hematite  (either  earthy  or  specular)  occur  plentifully. 
IMagnetite  is  also  found,  but  is  very  sul)ordinate  in  quantity.  The 
great  mass  of  the  iron  ore  of  the  Lake  Superior  region  is  iron 
pesquioxide. 

It  appears  from  the  foregoing  that  the  original  rocks  of  the  iron- 
bearing  formations,  notwithstanding  the  facts  that  they  appear  to  ])e  in 
three  unconformable  series  and  that  their  deposition  must  have  ])een 
millions  of  ^-ears  apart,  are  remarkal)ly  similar.  Moreover,  while  the 
original  rocks  of  the  iron-bearing  formations  have  undergone  a  very 
wide  variety  of  changes,  the  alterations  for  the  three  formations  fol- 
lowed sul)stantially  the  same  courses.  The  reasons  for  this  are  that  the 
original  materials  are  essentially  the  same,  and  that  thej^  were  largely 
transformed  to  other  varieties  of  rocks  at  the  same  time.  The  par- 
ticular transformations  are  extremely  variable  in  different  districts  or 
in  difl'erent  parts  of  the  same  district,  Init  the  end  results  are  similar 
for  each  formation  when  the  conditions  of  metamorphisui  were  similar. 
Consequently  one  who  has  worked  for  a  brief  time  in  the  Lake  Supe- 
rior region,  even  if  he  can  not  descril)e  and  name  the  individual  varie- 
ties of  each  iron-bearing  formation,  soon  learns  to  recognize  the  chief 
kinds  of  rocks  characteristic  of  these  formations,  and  especially  to 
recognize  the  associations  of  the  different  kinds  of  rocks  with  one 
another  and  the  general  appearance  of  the  formations  as  a  whole. 
Hence,  while  the  iron-l)earing  formations  are  lithologically  extremely 
variable,  their  conmion  origin  and  common  methods  of  metamorphism 
and  the  peculiar  relations  of  the  different  varieties  to  one  another  make 
it  easy  to  recognize  them. 

HORIZONS   AT   WHICH   THE    IRON-«EARING    FORMATIONS   OCCUR. 

The  iron-bearing  formations  occur  in  three  series,  reckoned  from  the 
base  upwards  as  follows:  (1)  A  nondetrital  iron-bearing  formation 
in  upper  portions  of  the  Archean,  (2)  a  nondetrital  iron-l)earing 
formation  in  the  Lower  Huronian  series,  (3)  iron-bearing  formations 
in  the  Upper  Huronian  series.  The  iron-bearing  formations  in  the 
Upper  Huronian  series  are  at  two  horizons.  These  are  (a)  a  l)asal 
detrital  ferruginous  formation  of  the  Upper  Huronian  where  in  con- 
tact with  the  iron-bearing  formation  of  the  Lower  Huronian;  {7>)  a 
largely  nondetrital  iron-bearing  formation  in  the  Upper  Huronian. 
Within  these  formations  or  adjacent  to  them  exploration  is  w^arranted. 
Beyond  their  confines  exploration  for  iron  ore  is  a  useless  expenditure. 
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In  most  districts  these  formations  have  been  given  local  names. 
This  has  been  done,  first,  because  at  an  earlv  stage  of  our  work  it  was 
not  certainly  known  which  of  the  formations  of  one  district  were 
equivalent  to  those  of  another;  and,  second,  because  the  miners  in  a 
district  prefer  a  name  derived  from  that  district  rather  than  one  from 
another  district.  The  Archean  iron-bearing  formation  of  the  Vermilion 
district  has  been  called  the  Soudan  formation.  The  Lower  Huronian 
iron-bearing  formation  in  the  Marquette  and  adjacent  areas  has  been 
named  the  Negaunee  formation.  The  Upper  Huronian  iron-bearing 
formation  in  the  Penokee-Gogebic  district  has  been  called  simply  the 
Iron-bearing  member  in  previous  reports  of  the  Geological  Survey. 
It  is  here  named  the  Ironwood  formation,  from  the  principal  town  in 
the  district.  The  productive  iron-bearing  formation  in  the  Menomi- 
nee district  has  been  named  the  Vulcan  formation,  and  in  the  Crvstal 
Falls  district  the  Groveland  formation.  The  Upper  Huronian  iron- 
bearing  formation  in  the  Mesabi  district  has  not  heretofore  received  a 
distinctive  name.  It  will  be  called  the  Biwabik  formation.  The  Upper 
Hui'oiiian  iron-bearing  formation  in  the  Animikie  series  of  Canada  we 
have  decided  to  call  the  Gunflint  formation,  from  Gunflint  Lake,  where 
the  formation  is  finely  exposed.  Iron-bearing  formations  which  are 
not  producers  are  not  given  names  nor  has  the  iron-bearing  formation 
of  the  Michipicoten  district  been  named. 

The  iron  ores  may  occur  at  any  position  within  the  iron-bearing 
foi-mations.  However,  other  things  being  equal,  they  are  likely  to 
occur  in  middle  or  lower  strata  rather  than  in  high  strata  in  the  for- 
mations. 

GENESIS  OF  THE  ORE  DEPOSITS. 
OENEKAL    STATKMENT. 

In  another  place  I  have  somewhat  fully  discussed  the  genera!  sub- 
ject of  the  deposition  of  ore  deposits  by  underground  water.'  It  is 
there  held  that  deposits  so  produced  constitute  l)y  far  the  larger  group 
of  ore  deposits.  To  this  group  of  ores  the  iron-ore  deposits  of  the 
Lake  Superior  region  will  l)e  shown  to  belong.  In  the  paper  referred 
to  I  have  shown  that  ore  deposits  produced  by  underground  water  are 
commonly  found  where  there  have  been  trunk  channels  of  circulation.'' 
It  will  be  seen  upon  subsecpient  pages  that  this  generalization  is  appli- 
cable to  the  Lake  Superior  region.  I  have  divided  ore  deposits  pro- 
duced by  underground  waters  into  three  main  classes:  (1)  Ores  which 
at  the  place  of  precipitation  are  deposited  ])V  ascending  watiM-s  alone; 
(2)  ores  which  at  the  place  of  precipitation  are  deposited  by  descend- 
ing waters  alone,  and  (H)  ores  which  receive  a  first  concentration  l)y 

>  Some  principles  controllintf  tlio  (Iciwwition  of  ores,  by  C.  R.  Van  Hise:  Trans.  Am.  Inst.  >rin.  Eng., 
Vol.  XXX,  1900,  pp.  27-177. 
=  I.(><'.  dt.,  pp.  52-91.  12S-12.=).  l.'iH-lC.l,  li\ll-l(i9. 
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ascending  waters  and  a  second  concentration  by  descending  waters.' 
It  will  be  seen  upon  subsequent  pages  that  iron  ores  of  the  Lake 
Superior  region  belong  to  the  second  class. 

STRUCTURAL   RELATIONS   OF   THK    IKON-ORE    DEPOSITS. 

Small  iron-ore  deposits  are  found  where  orogenic  movements  have 
produced  faulting,  close  plication,  ])recciation,  or  combinations  of  two 
or  all  of  these  phenomena  in  the  iron-ljearing  formations.  Such  move- 
ments furnish  zones  or  ai-eas  where  percolating  waters  are  converged 
into  trunk  channels,  and  thus  favor  the  concentration  of  the  iron 
oxides. 

Large  ore  deposits  occur  at  contacts  })etwecn  different  members  of 
the  iron-bearing  formations  or  at  the  contact  of  the  iron-bearing  for- 
mations with  other  formations.  These  contacts  are  favorable  places 
for  the  concentration  of  ore,  because  they  are  horizons  along  which 
important  slipping  or  differential  movement  has  occurred  during  the 
folding  of  the  Lake  Superior  region.  Whenever  beds  are  folded  there 
must  be  differential  movement  between  them.  This  is  well  illustrated 
by  the  slipping  of  the  leaves  of  a  flexible  book  over  one  another  when 
the  book  is  })ent.  In  nature  the  contact  planes  between  formations  of 
a  different  character  are  alwa3's  places  of  weakness;  hence,  at  such 
places  the  major  movements  take  place.  These  movements  are  sure  to 
make  the  formations  porous,  and  thus  produce  main  channels  of  per- 
colating water,  and  hence  the  frequent  presence  of  ore  bodies  at  the 
contact  planes. 

The  iron-ore  deposits  of  the  first  ordcV  of  magnitude  occur  on  rela- 
tively impervious  formations,  which  are  in  such  position  as  to  consti- 
tute pitching  troughs.  A  pitching  trough  may  be  made  by  a  slate 
underlying  or  interstratified  with  an  iron-bearing  formation;  by  a 
quartzite  formation  underl3nng  an  iron  formation;  by  a  limestone 
formation  underlying  an  iron  formation;  by  an  igneous  rock,  whether 
intrusive  or  extrusive,  underlj'ing  or  within  an  iron  formation;  or  by 
any  combination  of  these  rocks.  The  most  frequent  combinations  are 
those  of  sedimentary  or  volcanic  rocks  with  subsequent  intrusive  rocks. 
The  essential  thing  in  this  connection  is  that  somehow  an  impervious 
basement  shall  be  in  such  a  position  as  to  constitute  a  pitching  trough. 

The  combination  of  two  or  all  of  the  favorable  conditions,  viz, 
strong  orogenic  movements,  contact  planes,  and  pitching  troughs 
with  impervious  basements,  is  more  favorable  than  any  one  of  them. 
Whei-e  such  a  combination  i^  found  the  largest  ore  deposits  may  be 
expected.  Such  are  the  conditions  at  a  number  of  the  great  mines  of  the 
region.  However,  it  can  not  be  too  strongly  insisted  upon  that  an 
essential  condition  for  the  development  of  a  great  iron-ore  body  in  an 

iLoc.  cit.,  pp.  173-174. 
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iron-bearing  formation  in  thie  Lake  Superior  region  is  the  prodm-tion 
in  some  way  of  a  pitching  trough  made  b}^  a  formation  which  is  rcda- 
tively  impervious.  Where  the  impervious  pitching  troughs  are  huge 
and  continuous,  as,  for  instance,  at  the  end  of  a  great  synclinal  fold 
(see  Pis.  LIV,  LVI,  LVII,  LIX),  the  ore  deposits  are  almost  sure  to 
be  large.  Where  the  pitching  troughs  are  small,  irregular,  or  broken, 
the  ore  deposits  are  likely  to  be  small. 

The  foi-ms  of  the  ore  deposits  at  first  sight  might  be  thought  to  be 
exceedingly  irregular,  but  when  the  above  relations  are  understood 
they  are  seen  at  once  to  have  orderly  forms.  To  illustrate,  the  main 
mass  of  an  ore  deposit  on  an  impervious  basement  is  likely  to  be  at 
the  bottom  of  the  trough,  but  from  this  main  mass  a  considerable  belt 
of  ore  may  follow  the  limbs  of  the  trough  to  a  much  higher  altitude 
than  in  the  center  of  the  trough  (see  PI.  LIX).  The  ore  bodies  in 
cross  section  thus  frequenth'  constitute  a  U,  which  is  very  thick  at  the 
bottom,  the  center  of  the  U  being  occupied  by  the  iron-bearing  forma- 
tion which  has  not  been  transfoi-med  to  ore. 

ORK   DEPOSITS   LARGELY   SECONDARY. 

The  relations  of  the  ore  deposits  (see  Pis.  L,  LIV,  LVI,  LVII,  LIX) 
are  such  as  clearly  to  show  that  the  iron  ores  in  troughs  must  have 
been  deposited  in  their  present  positions  after  the  troughs  and  other 
structural  features  of  the  region  were  formed.  No  igneous  or  sedi- 
mentary rock  as  originally  produced  has  such  forms  as  those  exhil>ited 
by  the  ore  bodies.  They  clearly  are  not  original  sedimentary  rocks, 
such  as  the  iron  formation  as  a  whole,  but  the  iron-ore  deposits  grade 
into  the  other  rocks  of  this  sedimentary  formation.  The  ore-bearing 
rocks  are  clearly  not  igneous  rocks.  No  igneous  rocks  ever  grade  by 
imperceptible  stages  into  sedimentary  rocks,  such  as  the  various  aiem- 
bers  of  the  iron-bearing  formations.  Nor  do  igneous  rocks  ever  have 
such  uniformly  definite  relations  to  troughs.  If  the  iron  ores  were 
deposited  in  their  positions  after  the  development  of  the  present 
structure  of  the  Lake  Superior  region,  as  the  foregoing  facts  seem  to 
show  beyond  (juestion,  they  nuist  have  been  produced  by  the  work  of 
underground  circulating  waters. 

Bearing  upon  this  conclusion  is  the  fact  that  at  the  present  time 
there  is  an  undoubted  relation  between  abundant  underground  circu- 
lation and  the  ore  deposits.  This  is  so  well  known  that  the  miners 
understand  the  empirical  relation  even  if  they  do  not  apprehend  the 
causal  one.  When  an  explorer,  in  sinking  a  test  pit  or  shaft,  finds 
abundant  water  he  regards  this  as  a  favorable  indication.  When,  upon 
the  other  hand,  he  docs  not  get  much  water,  unless  he  is  on  high 
ground  he  fears  that  if  he  discovers  an  ore  deposit  it  will  be  .small. 
The  exploitation  of  large  ore  deposits  has  frecjuently  necessitatcfl  the 
handling  of  large  volumes  of  water.     In  places  where  the  amount  of 
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water  is  comparatively  small,  it  is  highly  probable  that  in  pre-Glacial 
time,  before  the  valleys  were  filled,  the  circulation  was  much  more 
abundant.  The  great  quantity  of  water  found  in  connection  with  the 
ore  deposits  is  positive  evidence,  independent  of  all  theory,  that  the 
ores  are  located  at  trunk  channels  of  underground  circulation. 

IROX-OKE    DEPOSITS   PRODUCED   BY   DESCENDING   WATER. 

The  question  next  arises  as  to  whether  the  waters  were  ascending  or 
descending  when  the  ore  deposits  were  formed.  The  positions  of  the 
great  bodies  of  ores  in  pitching  troughs  bottomed  by  impervious  base- 
ments rather  than  in  pitching  arches  topped  l)y  impervious  roofs  is 
conclusive  evidence  that  these  ores  were  concentrated  l)y  descending 
rather  than  by  ascending  water.  Descending  waters  would  be  con- 
verged into  pitching  troughs  with  impei'vious  basements,  whereas 
ascending  waters  would  be  converged  into  pitching  arches  having 
impervious  roofs.     This  generalization  is  fully  discixssed  elsewhere.* 

The  structural  relations  of  the  ores  which  are  confined  to  the  con- 
tact planes  and  to  places  of  strong  orogenic  movement  do  not  alwaj'S 
enable  one  to  determine  whether  the  concentrating  waters  were  descend- 
ing or  ascending.  Since,  however,  as  already  noted  in  the  larger  ore 
deposits,  these  features  are  combined  with  troughs,  it  can  hardly  be 
doubted  that  the  waters  which  formed  the  ore  deposits  at  contact 
planes  and  places  of  orogenic  movement  were  also  descending. 

In  this  connection  it  is  also  to  be  remembered  that  the  ores  are  mainlj" 
ii'on  sesquioxide,  usually  more  or  less  hydrated — that  is,  they  belong 
to  the  class  of  oxidized  and  hydrated  ores.  The  products  were  there- 
fore produced  under  conditions  favorable  to  oxidation  and  hydration, 
and  if  secondary  concentrates  thev  must  have  been  precipitated  by 
water  charged  with  oxvgen.  Such  waters  are  usually  descending, 
hence  the  character  of  the  deposits  makes  it  probable  that  the  waters 
producing  the  ores  were  descending  rather  than  ascending.^ 

CHEMICAL    PROCESS   OF   CONCENTRATION. 

The  next  question  to  be  considered  is  the  chemical  process  of  concen- 
tration of  the  ores.  For  places  whei'e  waters  from  difi'erent  sources 
are  converged,  this  process  has  been  fully  given  in  Monographs  XIX 
and  XXVIII  of  the  United  States  Geological  Survey.'  In  this  paper 
the  discussion  will  be  only  summarized.  A  part  of  the  iron  oxide  of 
the  ore  was  deposited  in  its  present  condition  as  an  original  sediment 

1  Some  principles  controlling  the  deposition  of  ores,  by  C.  R.  Van  Hise:  Trans.  Am.  Inst.  Min.  Eng., 
Vol.  XXX,  1900,  pp.  27-177. 

=  Loc.cit.,  pp. 72-74,  138. 

'The  Penokee  iron-bearing  series  of  Michigan  and  Wisconsin,  by  R.  D.  Irving  and  C.  R.  Van  Hise: 
Mon.  r .  S.  Geol.  Survey  Vol.  XIX,  1892,  pp.  534. 

The  Marquette  iron-bearing  district  of  Michigan,  by  C.R.  Van  Hise  (with  W.S.Bayley  and  H.  L 
Smyth) :  Mon.  U.  S.  Geol.  Survey  Vol.  XXVIII,  1897,  pp.  698.     With  atlas  of  39  plates. 
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containing  silica  and  other  impurities.  However,  the  nature  of  the 
sediment  may  have  been  changed;  that  is  to  say,  it  may  have  ])een 
deposited  in  part  as  iron  carbonate,  or  in  small  part  as  iron  sulphide 
or  iron  silicate,  and  later  transformed  to  iron  oxide  in  situ.  The  lean 
material  originally  deposited  where  the  ore  bodies  now  are  has  been 
enriched  by  secondary  deposition  of  iron  oxide.  Brief!}',  the  process 
of  enrichment  is  believed  to  have  been  as  follows: 

The  source  of  the  iron  for  the  enrichment  of  the  ores  is  believed  to 
have  been  mainly  iron  carbonate.  Meteoric  waters  are  charged  with 
oxygen.  As  they  enter  the  soil  they  would  be  dispersed  through 
innumerable  minute  openings.  The  waters,  which  early  in  their  jour- 
ney come  into  contact  with  iron  carbonate,  would  have  their  oxygen 
abstracted.  Such  waters  would  be  likely  to  be  those  following  cir- 
cuitous routes.  The  deoxidation  of  the  waters  by  the  iron  carbonate 
would  produce  ferruginous  slates  and  ferruginous  cherts.  In  this 
alteration  the  carbon  dioxide  would  be  liberated,  and  would  join  the 
descending  waters.  Thus  carbonated  waters  free  from  oxygen  would  be 
produced.  Such  waters  are  capable  of  taking  a  considerable  amount  of 
iron  carbonate  and  some  iron  silicate  into  solution.  Large  quantities 
of  these  solutions  would  be  converged  upon  the  sides  or  at  the  bottom 
of  the  pitching  troughs,  or  in  other  places  where  there  were  trunk 
channels  for  water  circulation. 

After  an  iron-bearing  formation  was  exposed  to  descending  waters 
for  a  considerable  time,  a  large  part  of  the  iron  carbonate  adjacent  to 
the  surface  would  be  transformed  to  ferruginous  slates  and  ferruginous 
cherts.  This  change  would  take  place  most  extensively  where  waters 
were  abundant  and  a  somewhat  direct  course  led  to  the  trunk  chan- 
nels. After  this  process  was  completed  at  such  places,  the  waters  now 
following  this  direct  route  would  pass  only  through  the  ferruginous 
slates  and  ferruginous  cherts,  and  wotdd  reach  the  trunk  channels 
charged  with  oxygen.  There  the  solutions  l)earing  iron  carbonate  and 
those  bearing  oxygen  would  be  conuiiingled.  Iron  sescjuioxide  would 
be  precipitated.  Therefore,  the  iron  oxide  of  an  ore  bod}'  consists 
in  part  of  iron  compounds  originally  deposited  in  situ,  and  in  part  of 
iron  brought  in  by  undeiground  waters.  The  material  deposited  in 
situ  may  have  been  originally  dctrital  iron  oxide,  or  it  may  have  been 
derived  from  iron  carl)onate,  iron  sulphide,  or  iron  silicate,  which  was 
oxidized  in  place,  or  from  two  or  all  of  these  sources.  It  has  been 
assumed  that  the  part  brought  in  by  underground  waters  was  maiidy 
transported  as  carbonati",  although  a  portion  may  have  been  transported 
in  some  other  form.  Of  the  two  sources  of  iron, ores,  the  original 
material  and  that  added  ])y  underground  water,  the  latter  is  upon  the 
average  probably  more  abundant.  Hut  in  some  exceptional  t-ases, 
where  there  is  a  large  amount  of  detrital  iron  oxide,   the  material 
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added  by  underground  waters  maA'  be  subordinate.  However,  in  all 
cases  it  may  be  said  that  were  it  not  for  the  secondar}^  enrichment  by 
underground  waters,  through  the  addition  of  iron  oxide,  the  material 
would  not  be  iron  ore.  The  evidence  of  this  lies  in  the  fact  that  the 
ore  bodies  are  universally  confined  to  the  places  where  underground 
waters  have  been  converged  into  trunk  channels. 

The  ore  deposits  contain  upon  the  average  a  less  quantity  of  silica 
than  does  the  average  of  the  iron-bearing  formations.  It  follows  there- 
fore that  silica  nuist  have  been  dissolved.  This  doubtless  was  largelj'^ 
the  work  of  the  great  vohuue  of  water  converged  into  the  trunk  chan- 
nels. It  has  been  seen  that  the  waters  which  carried  iron  carbonate 
to  the  ore  deposits  were  carbonated.  The  precipitation  of  iron  oxide 
from  carbonate  lil)erated  more  carbon  dioxide,  so  that  the  waters 
were  very  heavilv  charged  with  carbonic  acid.  In  some  of  the  dis- 
tricts basic  igneous  rocks  occur  within  the  iron-ore  deposits  or  as 
liasements  to  them.  In  all  such  cases  these  basic  rocks  are  found  to 
have  lost  a  large  part  or  all  of  their  alkalies.  These  must  have  passed 
into  the  solutions.  Hence  the  waters  moving  along  the  trunk  chan- 
nels would  in  some  cases  contain  alkalies  besides  being  rich  in  carbon 
dioxide.  It  is  well  known  that  such  solutions  are  capable  of  dis- 
solving silica.  Therefore,  the  conditions  which  result  in  the  pre- 
cipitation of  iron  oxide  also  furnish  conditions  favorable  to  the  solution 
of  the  silica.  Silica  is  thus  largely  dissolved  from  the  ore  bodies  and 
transported  elsewhere.  The  removal  of  the  silica  is  ordinarily  only  less 
important  in  the  development  of  the  ores  than  the  addition  of  the  iron. 
In  many  cases  the  abstraction  of  the  silica  proceeded  further  than  the 
deposition  of  the  iron  oxide,  thus  making  the  rocks  very  porous,  and 
further  rendering  the  conditions  favorable  for  abundant  circulation. 

WHAT   BECOMES   OF   DESCENDING  WATER? 

Another  point  which  needs  to  be  considered  in  connection  with  the 
above  theor}-  is  to  answer  the  question.  What  becomes  of  the  descend- 
ing water  '*  In  order  to  produce  great  masses  of  ore,  such  as  the  iron- 
ore  deposits,  the  circulation  umst  have  been  long  continued.  The  vol- 
ume of  water  which  circulated  through  the  ore  deposits  must  have 
been  many  thousand  times,  probably  hundreds  of  thousands  of  times 
as  great  as  the  volume  of  ore.  It-  is  certain  that  as  depth  increases 
the  rocks  become  more  and  more  compact,  until  finally  the  zone  of 
lock  flowage  is  reached,  into  which  it  can  not  be  assumed  the  water 
passes.  We,  therefore,  must  conclude  that  the  water  converged  into 
the  trunk  channels,  represented  by  the  pitching  troughs  or  other 
forms,  must  again  somewhere  reach  the  surface.  This  conclusion  is 
meri  )y  an  application  of  the  principles  of  underground  water  circula- 
tion discussed  b}'  me  in  a  paper  already  referred  to. 
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INFLUENCE   OF   TOPOGRAPHY   ON    ORE   DEPOSITION. 

The  majority  of  the  large  iron-ore  deposits  of  the  Lake  Superior 
region  are  located  upon  the  slopes  of  hills  or  bluffs,  often  upon  their 
upper  parts.  But  there  are  some  notable  exceptions  to  this,  as,  for 
instance,  the  great  deposit  of  ore  which  is  below  the  Lake  Angeline 
depression  in  the  Marquette  district,  the  great  Chapin  mass,  which 
was  largely  located  below  an  area  which  was  a  swamp,  and  some  of  the 
deposits  of  the  Mesabi  district.  However,  the  impervious  basements 
of  even  these  deposits  rise  to  higher  elevations  immediately  adjacent. 
These  impervious  formations  would  concentrate  a  large  amount  of 
water  which  would  move  downward  toward  the  low  lying  sloping  areas. 

Underground  water  circulation  is  d^ue  to  gravity.  Therefore,  water 
below  areas  of  elevation  is  likely  to  be  descending  at  least  for 
some  depth,  and  water  below  valle^ys  is  likely  to  be  ascending. 
Furthermore,  a  small  difference  of  head  is  sufficient  to  account  for 
the  circulation  penetrating  to  a  considerable  depth.  Thus  the 
topographic  locations  of  the  ore  deposits  are  explained.  However, 
the  theory-  of  the  concentration  of  the  iron-ore  deposits  by  waters 
which,  upon  the  whole,  are  descending,  does  not  require  that  all  of 
the  ore  shall  be  deposited  on  high  ground,  nor  that  precipitation  can 
not  occur  where  a  portion  of  the  waters  ai'e  ascending.  The  waters 
are  believed  to  be  largely  descending  where  the  ores  are  deposited. 
In  order  that  this  shall  be  the  case,  there  must  be  higher  feeding  areas 
which  shall  furnish  sufficient  head  to  carr}^  the  water  to  a  considerable 
depth  below  the  ground,  in  many  cases  at  least  for  several  hundreds 
of  feet  below  the  lowest  points  of  the  valleys.  But  below  the  lower 
parts  of  the  slopes  the  waters  which  have  followed  circuitous  routes, 
and  therefore  bear  iron  carbonate,  may  have  begun  their  ascent  and 
met  descending  waters  bearing  oxygen.  Li  this  case  the  ore  in  the 
parts  of  the  deposit  low  on  the  slopes  might  be  precipitated  by  the 
mingling  of  ascending  and  descending  waters.  Notwithstanding  this 
qualification,  the  undoubted  position  of  the  larger  masses  of  the  thick 
deposits  directly  upon  the  impervious  basements,  and  their  position 
below  areas  of  elevation  and  on  slopes,  and  their  general  absence  or 
poor  quality  below  valleys,  seem  to  me  to  be  conclusive  evidence  that 
the  main  work  was  accomplished  by  descending  waters. 

In  this  connection  it  is  to  be  recalled  that  the  topography  of  the 
iron-bearing  districts  of  the  Lake  Superior  region  has  been  greatly 
modified  liy  the  ice  incursions.  The  pre-Glacial  crests  have  been  low- 
ered by  glacial  erosion;  but  more  important  than  this,  the  valleys  are 
filled,  some  of  them  to  the  depths  of  hundreds  of  feet,  so  that  in  pre- 
Glacial  time,  when  the  oie  deposits  were  mainly  formed,  the  relief 
was  considerably  greater,  and  therefore  the  head-driving  underground 
circulation  greater  and  nuuh  more  effective.     In  many  of  those  cases 
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in  which  large  ore  deposits  lie  below  low  ground  it  is  certain  that 
there  was  still  lower  ground  in  the  adjacent  areas  in  pre-Glacial  times. 
To  the  above  statement  the  objection  may  be  raised  that  the  reason 
why  ore  deposits  have  been  found  mainly  below  elevations  or  slopes 
is  that  the  low-lying  areas  are  difficult  to  explore.  This  objection  has 
some  force.  However,  giving  it  all  possible  weight,  it  is  not  sufficient 
to  explain  the  very  great  preponderance  of  discovered  deposits  on 
slopes  and  hills.  Large  iron-ore  deposits  are  so  valuable  that  if  many 
existed  below  valleys  a  considerable  number  would  have  been  found. 
Indeed,  in  many  districts  low-lying  areas  have  been  thoroughly  ex- 
plored, and  yet  in  the  majority  of  cases  this  work  has  not  been 
rewarded. 

INFLUENCE   OF    DENUDATION   ON   ORE   DEPOSITION. 

Nearly  all,  if  not  all,  of  the  large  ore  bodies  known  in  the  Lake 
Superior  region  somewhere  reach  the  solid  rock  surface.  From  the 
drift  they  may  extend  downward  to  variable  depths.  If  the  above 
explanation  of  the  origin  of  the  ores  Ije  correct,  the  iron  ore  of  these 
deposits  brought  in  by  underground  water  must  in  large  measure  have 
been  derived  from  those  portions  of  the  iron-bearing  formation  which 
were  once  above  the  present  surface  of  denudation,  but  which  have  now 
been  cut  away  by  erosion.  The  ore  deposits  are  therefore  regarded  as 
the  result  of  the  work  of  descending  waters  combined  with  progressive 
denudation.  Contemporaneousl}'  with  the  development  of  the  iron 
ores  the  ferruginous  slates  and  ferruginous  cherts  were  formed. 

TIME    AND   DEPTH   OF   CONCENTRATION. 

It  has  already  been  seen  that  the  beginning  of  the  processes  of  alter- 
ation of  the  original  iron-bearing  rocks  occurred  far  back;  indeed,  in 
Archcan  and  Lower  Huronian  times  extensive  changes  took  place  in  the 
iron-bearing  formations  during  the  erosions  which  followed  those  peri- 
ods. These  resulted  in  the  transformation  of  large  parts  of  the  iron- 
bearing  formations  from  iron-bearing  carbonate  to  ferruginous  slates, 
ferruginous  cheits,  etc.  Thus  the  beginning  of  the  processes  of  con- 
centration for  the  Archean  ores  must  be  placed  in  early  Huronian  times, 
and  for  the  Lower  Huronian  ores  must  be  placed  in  the  time  between  the 
two  Huronian  periods.  Where  at  the  base  of  the  Upper  Huronian  rich 
ferruginous  detritus  was  formed  at  the  beginning  of  Upper  Huronian 
time,  tbe  second  stage  of  the  process  of  concentration  of  the  ores  at 
this  horizon  took  place.  In  certain  places  the  iron-bearing  formation 
within  the  Upper  Huronian  was  exposed  by  erosion  before  Kewecnawan 
time,  and  went  through  a  set  of  changes  in  the  time  interval  between 
the  Huronian  and  Keweenawan  similar  to  the  Lower  Huronian  iron- 
formation  in  iuter-Huronian  time.     Therefore  the  beginning  of  the 
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process  of  development  of  the  ores  at  this  horizon  antedated  Ke\veena- 
wan  time.  While,  therefore,  it  is  plain  that  the  })eginning-  of  coiutMi- 
tration  of  the  ores  must  be  placed  shortly  after  the  different  iron-bearing- 
formations  were  deposited,  if  the  theory  advanced  on  the  previous 
pages  be  correct,  it  is  clear  that  the  beginning  of  the  final  and  most 
important  enrichment  of  the  ore  deposits  occurred  in  Algonkian  time. 
Moreover,  in  those  districts  in  which  great  masses  of  Keweenawan 
rocks  were  laid  down  upon  the  Huron ian  rocks  this  process  could  not 
have  begun  until  the  erosion  period  preceding-  Cambrian  time,  and  it 
is  rather  probable  that  this  limitation  also  applies  to  other  districts. 
(See  PI.  XLVIII.)  Clearly  the  process  in  each  district  began  when, 
as  a  result  of  the  great  orogenic  movements  and  the  attendant  denuda- 
tion, the  iron-bearing-  formations  were  exposed  to  the  weathering  forces, 
and  in  the  majority  if  not  all  of  the  districts  this  must  have  occurred 
in  the  great  time  gap  represented  by  the  imconformity  l)etween  the 
Keweenawan  and  ('ambrian.  The  process  of  enrichment  has  undoul)t- 
edly  contiiuied  until  the  present  time.  It  therefore  appears  that  the 
circulating  waters  had  eras  of  time  in  which  to  perform  their  work; 
indeed,  a  part  of  pre-Paleozoic  and  all  of  the  Paleozoic,  Mesozoic,  and 
Cenozoic.  In  all  of  the  districts  since  the  bcgiiming  of  final  concentra- 
tion many  thousands  of  feet  of  strata  have  been  removed  l)y  erosion. 
Therefore  the  main  part  of  the  deposits  now  being  exploited  nuxsthave 
been  produced  during-  the  latter  part  of  the  work  of  weathering-  und 
deiuidation. 

During  the  process  of  denudation  the  ore  deposits  for  a  given  district 
would  begin  to  form  shortly  aftei-  the  iron-bearing  formation  -was  cut 
through.  The  ore  deposits  would  long  continue  to  increase  in  size.  It 
is  probable  that  aftei-  a  sufficiently  long  time  increase  in  size  would 
pra(;ti(!ally  cease,  for  denudation  would  finally  remove  the  ores  at  the 
surface  as  fast  as  they  formed  below  the  surface.  How(>ver,  change 
would  not  stop.  The  ore  deposits  formed  would  continue  migrating 
downward  pari  passu  with  denudation.  On  account  of  the  pitch,  lat- 
eral migration  would  accompany  downward  migration.  At  any  given 
time  the  masses  of  ore  would  extend  fioni  the  surface  to  the  depth  at 
which  descending-  waters  were  efl'ective.  We  therefore  must  conceive 
of  the  iron-ore  deposits  as  slowly  migrating  downward  through 
thousands  of  feet,  at  any  given  time  being  just  in  advance  of  the  plane 
of  erosion.  As  denudation  goes  downward  a  part  of  the  ores  would 
b(>  carried  away  mechanically  and  thus  lost.  Another,  but  i)rol)ably 
a  relatively  small  part,  was  doubtless  taken  into  solution  and  carried 
downward  to  ])e  precipitated  again  at  lower  l(>vels.  HowevcM-,  as  ero- 
sion extended  downward  and  swept  away  the  ore  at  the  surface,  the 
process  of  con('entration  also  continued  downward,  so  that  the  amount 
of  ore  existing  at  any  one  period  through  nnich  of  pre-(Jlacial  time  was 
roughly  constant,  although  there  was  d()ul»tless  considerable  \;uiati()n 
21  (iKoi.,  i>T  8—01 28 
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depending-  upon  topographic  and  cliuuitic  conditions.  But  I  have  little 
doubt  that  the  amount  of  ore  which  existed  at  any  one  time  was  small 
as  compa)-ed  with  tliat  which  has  l)een  produced  in  the  past  and  has 
been  carried  away  by  running  water. 

For  that  portion  of  an  ore  deposit  which  now  reaches  the  surface  or 
is  overlain  by  completeh'  altered  ferruginous  slates  or  cherts,  it  is 
probable  that  there  is  little  addition  in  iron  oxide  at  the  present  time; 
for  it  has  already  l)een  explained  that  the  iron  oxide  for  an  ore  deposit 
is  mainly  derived  ivoni  that  part  of  the  iron-bearing  formation  which 
has  been  removed  by  erosion.  However,  it  does  not  follow  that  the 
enrichment  t)f  an  ore  deposit  by  the  a])straction  of  silica  has  not  efi'ect- 
iveh'  continued  after  practically  all  of  the  iron  was  added.  Indeed, 
there  is  every  reason  to  believe  that  the  solution  of  silica  has  continued 
to  the  present  time,  and,  moreover,  this  process  has  probal)!}'  been 
more  effective  in  those  parts  of  an  ore  deposit  near  the  surface;  for 
there  the  waters  have  ])een  longest  at  Avork  in  abstracting-  the  silica. 
It  is  a  well-known  fact  that  in  many  mines  there  is  a  tendency  for  the 
silica  to  run  somewhat  lower  in  the  upper  than  in  the  lower  levels  of 
the  deposits,  and  this  is  readily  explained  l)y  the  gi-eater  depletion  of 
silica  in  the  upper  than  in  the  lower  parts  of  deposits.  Also  many  of 
the  ore  deposits  have  a  liroken  and  porous  character,  and  appear  to 
havQ  sagged,  as  if  some  compound  or  compounds  had  been  abstracted. 
The  material  abstracted  was  doubtless  mainly  silica. 

Furthermore,  the  ore  deposits  seem  to  have  been  rendered  more 
valualdc  by  the  abstraction  of  the  phosphorus  compounds  by  the 
descending  waters  in  a  way  precisely  similar  to  the  abstraction  of  the 
silica.  The  most  notable  published  cases  of  this  are  the  Pewabic  mine, 
described  l>y  Brown,*  and  the  Aragon  mine,  described  by  Larsson,'^ 
where  the  deposits  near  the  surface  are  low  phosphorus  and  those 
deeper  down  are  high  phosphorus  ores.  In  general  the  phosphorus 
seems  to  be  low  where  the  iron  is  high  and  the  ore  porous,  and  therefore, 
Avhere  the  Avater  circulation  Avas  very  effective.  This  is  well  illustrated 
in  the  Mesabi  district,  Avhere,  without  reference  to  position  in  the  mines, 
the  porous  ores  high  in  iron  are  apt  to  be  low  in  phosphorus,  and  Avhere 
the  3-ellow  aluminous  and  relative!}-  impervious  slaty  ores  low  in  iron 
are  high  in  phosphorus.  The  principle  is  also  illustrated  in  the 
Gogebic  district,  Avhere  the  porous  ores  are  low  and  the  very  hard 
imperA'ious  ores  adjacent  to  the  dikes  are  high  in  phosphorus.  The 
fact  that  phosphorus  in  many  cases  is  relatively  high  at  low  levels  has 
been  explained  by  some  mining  engineers  on  the  hypothesis  that  phos- 
phorus abstracted  above  has  been  deposited  lower  down,  l)ut  it  seems 
to  nio  that  the  more  probable  explanation  is  that  the  entire  deposits 

1  Distrilnuion  of  phosphorus  and  system  of  sampling  at  Pewabic  mine,  by  E.  F.  Brown:  I'me.  Lake 
Suporior  .Min.lnst.,  1895,  p. -19. 
-  Discussion  of  above  paper  by  l"er  Larssou.    Ibid.,  p.  55. 
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were  once  relatively  rich  in  phosphorus,  and  that  the  variation  in 
richness  is  generally  that  of  relative  depletion  where  the  circulation 
was  active,  rather  than  that  of  abstraction  above  and  deposition  below. 

In  conclusion  we  may  therefore  sa}'  that  the  chemical  processes  have 
tended  to  make  the  ore  deposits  more  valuable  at  the  present  time, 
although  the  additions  of  iron  may  have  long  since  ceased. 

While  this  general  statement  is  true,  it  by  no  means  follows  that  the 
processes  of  deiuidation  and  enrichment  were  uniform.  At  times  the 
processes  would  go  on  rapidly;  at  other  times  would  be  stayed  for 
long  periods,  depending  upon  the  post-Keweeuawan  history'  of  the 
Lake  Superior  region.  The  great  steps  of  this  histoiy  are  (1)  the 
great  pro-Cambrian  period  of  mountain  making-  and  erosion,  (2)  subsi- 
dence and  Paleozoic  sedimentation,  (3)  the  post-Paleozoic  uplift  and 
denudation,  (4)  deposition  of  Cretaceous  rocks  upon  parts  of  the 
region,  (.5)  the  post-Cretaceous  uplift  and  denudation,  and  (6)  the 
Pleistocene  ice  incursions. 

(1)  In  the  pre-Cambrian  period  of  mountain  making  and  denudation 
it  is  probable  that  the  ore  deposits  reached  their  full  development,  and 
indeed  they  may  during-  the  later  part  of  this  ancient  time  have  been 
of  greater  magnitude  than  they  are  at  present,  although  possibly  not 
so  rich.  This  is  shown  by  the  Menominee  district.  In  this  district 
the  Tpper  Cambrian  sandstone  and  the  Silurian  limestone  cap  the 
Huronian  formations,  and  even  some  of  the  ore  deposits.  The  details 
of  the  relations  are  given  under  the  description  of  the  Menominee 
district  (see  p.  400).  Since  these  ore  deposits  extend  to  the  l)asal 
Cambrian,  and  the  upward  extension  of  the  iron-bearing  formation  nmst 
have  been  removed  before  Upper  Cambrian  time,  it  is  clear  that  the 
main  additions  of  iron  oxide  for  these  deposits  must  have  taken  place 
in  pre-Caml)rian  time.  If,  as  is  probable,  as  shown  below,  Cambrian 
and  Silurian  strata  capped  the  other  iron-bearing  districts  of  the  Lake 
Superior  region,  it  is  all  but  certain  that  ore  concentration  was 
equally  advanced  in  these  other  districts;  although  where  erosion  has 
exten(h-d  farther  below  the  Paleozoic  than  in  the  Menominee  district 
later  events  have  had  a  ;nore  important  influence  upon  the  present 
condition  of  the  ore  deposits. 

(2)  After  this  period  of  deiuidation  the  Lake  Supei-ior  region  was 
encroached  upon  b}'  the  Paleozoic  sea.  A\'here  the  iron-l)earing  for- 
mations existed  and  were  rich  in  iron  oxid<',  detrit^d  ores  were  formed 
at  the  base  of  the  Caml)rian.  The  entire  region  was  deeply  i)uried 
beneath  the  Paleozoicdeposits.  I'robably  so  long  as  the  region  remained 
below  the  sea  the  proccssc-s  of  concentration  practically  ceased,  and 
the  mass  of  the  ore  deposits  remained  nearly  stationary. 

(3)  When  after  Pah^ozoic  time  the  region  was  again  raised  above 
the  sea  and  denudation  began,   little   enrichment  woukl  take  place 
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until  the  major  portion  of  the  Paleozoic  rocks  was  stripped  from 
the  legion.  Over  much  of  the  region  these  Paleozoic  rock.s  were 
entire!}^  removed,  and  the  pre-Camt)rian  topograph}^  of  the  Huronian 
again  emerged  from  below  the  Cambrian  deposits.  In  the  Menominee 
district  and  the  southeastern  part  of  the  Crystal  Falls  district  the 
Paleozoic  deposits  were  not  completely  removed  from  the  iron-bearing 
formations,  and  here  are  found  considerable  quantities  of  detrital  ores 
at  the  base  of  the  Caml)rian.  For  most  of  the  region  erosion  did 
not  stop  at  the  Paleozoic,  but  extended  downward  for  a  greater  or 
less  depth  into  the  Huronian  rocks,  and  so  far  as  this  took  place  it  is 
presumed  that  the  ore  deposits  migrated  downward  precisely  as  dui-ing 
the  pie-Cam])rian  period  of  denudation. 

(4)  Ei'osion  continued  until  the  end  of  the  Cretaceous  period  of  base- 
leveling,  when  the  area  was  again  reduced  neaily  to  an  uneven  plain 
and  locally  was  overridden  ])y  the  s(>a  and  capped  by  Cretaceous  rocks, 
as  in  the  Mesabi  district.  At  the  end  of  this  period  the  processes  of 
downward  denudation  and  concentration  wove,  greatly  diminished  in 
speed.' 

(.5)  During  the  period  of  post-Cretaceous  uplift  and  erosion  it 
is  to  be  presumed  that  the  main  features  of  the  present  topogi-aphy 
of  the  Lake  Superior  region  were  produced.  During  this  time 
denudation  and  the  migration  of  the  oi'e  deposits  again  went  on,  ])ut  to 
what  extent  is  uncertain.  In  the  Menominee  district  it  is  highly 
probable  that  the  topography  of  the  Huronian  rocks  is  largely  pre- 
Cambrian,  and  that  the  present  depressions  to  a  large  extent  are  reex- 
cavated  pre-Cambrian  valleys.  The  same  is  true  for  the  Felch  Moun- 
tain tongue  of  the  Cr\'stal  Falls  district.  Iti  the  borders  of  the  Mar- 
quette district,  also,  Cambrian  deposits  are  found.  However,  it  nuist 
always  l)e  a  matter  of  conjecture  as  to  how  far  the  present  topogra- 
phy is  redeveloped  pre-Cambrian  topogiaphy  and  how  far  it  is  post- 
Cretaceous.  For  ni}'  own  part,  I  am  inclined  to  believe  for  several 
of  the  south-shore  districts  that  it  is  pi-obably  in  considerable  measure 
exhumed  topography,  and  therefore  that  a  large  part  of  the  process 
of  denudation  and  enrichment  was  in  pre-Cam])rian  time,  as  already 
explained. 

(6)  The  last  great  event  in  the  development  of  the  ore  deposits  was 
the  glacial  incursions  of  Pleistocene  time.  So  far  as  the  ore  deposits 
are  concerned  the  work  was  of  two  kinds,  glacial  denudation  and 
glacial  deposition.  Commonly  these  two  classes  of  work  were  very 
sharply  separated  from  each  other.  Oi'dinarily  the  change  from  the 
oies  to  the  drift  is  (;Iean  and  sharp;  in  fact,  as  sharp  as  ))etween  the 
huid,  gi'ooved,  and  striated  rocks  and  the  overlying  drift.  In  many 
plai cs  during  the  period  of  erosion  the  ore  which  was  cut  away  by 
the  moving  ice  sheets  was  transported  elsewhere.     Later,  when  the 

1  Geology  of  Minnesota,  Vol.  IV,  1899,  p.  616. 
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glaciers  ret-eded  and  deposition  occurred,  the  clean-cut  ore  bodies  were 
covered  to  a  greater  or  less  depth  by  deposits  of  glacial  drift.  Tliis 
may  be  seen  to  the  l)est  advantage  in  the  great  open  pits  of  the  Mesa])i 
district.  Here  the  soft,  clean  ore  extends  directly  to  the  drift.  It  is 
overlain  In*  sand  and  gravel,  not  derived  from  the  ore  but  ])rought 
from  the  north.  The  contacts  in  many  cases  are  of  almost  k)iife-like 
sharpness,  thci-e  IxMng  practically  no  ore  in  the  basal  layers  of  the 
drift. 

The  (juantity  of  ovv  which  was  removed  during  the  first  stage  of 
Pleistocene  time,  that  of  ghtcial  erosion,  was  very  great.  If  is  certain 
that  the  vast  (juantities  removed  have  not  yet  been  compensated  for 
by  concentration  since  Glacial  time.  In  so  far  as  the  elevations  in  pre- 
Glacial  time,  upon  which  the  ore  now  extends  to  the  surface,  were 
higher  than  at  present,  just  so  far  have  the  ore  deposits  ])een  trun- 
cated. Almost  the  entire  zone  of  decomposed  rocks  which  must  have 
been  adjacent  to  the  ores  has  been  removed.  The  ore  deposits  were 
certaiidy  truncated  to  an  ef^ual  depth.  Not  oidy  so,  but  glacial  erosion 
in  many  places  cut  deeper  into  the  soft  ore  ])odies  than  into  the  adjacent 
hard  rocks,  and  thus  pi'oduced  subordinate  valleys.  This  is  tinely 
illustrated  in  the  Mesabi  district.  The  al)undant  fragments  of  hard 
iron  ore  in  the  glacial  drift  furnish  further  evidence  of  the  large 
amount  of  ore  which  has  })een  removed  by  the  glaciers.  This  material 
is  so  plentiful  that  it  is  clear  that  vast  quantities  of  this  hard  ore  have 
been  swept  away.  If  this  be  true,  it  is  certain  that  still  greater  (|uan- 
tities  of  soft  ore  have  l)een  removed,  although  on  account  of  its 
softness  it  has  been  ))roken  into  miiuite  fragments,  and  therefore 
furnishes  little  evidence  of  its  removal. 

The  foregoing  considerations  lead  to  the  certain  conclusion  that  the 
glacial  tnuication  seriously  reduced  the  amount  of  available  iron  ore  in 
the  Lake  Superior  region.  "While  the  i)rocess  of  concentration  has 
continued  since  (Jlacial  time,  and  has  tended  to  enrich  and  deepen  the 
deposits.  I  have  no  doubt  that  the  gain  since  the  glacial  incursion  is 
insigniricant  as  (•om])anHl  with  tiie  loss  of  licii  material  during  the 
Glacial  period. 

It  appeal's  from  the  foiegoing  that  while  the  (juantity  of  ore  in  the 
Lake  Superior  region  has  always  beer>  large  since  Cambrian  time, 
there  have  been  various  vicissitudes  in  this  history  during  which  the 
quantity  of  ore  alternately  increased  and  decreased.  On  a  jjriori 
grounds  one  might  exp(>ct  that  tliero  was  a  greater  (piantity  of  ore 
in  the  latter  part  of  the  jx'riod  between  the  Keweenawan  and  the  Cam- 
brian than  at  any  subse((uent  time;  for  in  the  early  part  of  that  period 
the  variations  in  topograpiiy  were  probably  greater  than  at  any  time 
since.  If  this  were  so.  the  descenditig  watei-  had  greater  head,  and 
therefore  penetrated  to  greater  depths.  Toward  the  dose  of  the  period 
denudation  was  ])robal>ly  slow,  giving  ample  time  for  tiie  jirocess  of 
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coiK-entration.  Between  this  apparently  most  favorable  period  for 
ore  development  and  the  Pleistocene  I  do  not  venture  to  make  any 
guess  as  to  the  times  of  increase  and  decrease  in  the  quantity  of  ore. 
However,  it  will  be  seen  (pp.  4:11-412)  that  the  question  of  glacial 
denudation  has  a  direct  practical  ])earing  upon  the  probable  productive- 
ness of  various  districts,  and  especially  those  north  of  Lake  Superior. 
As  to  the  depth  to  which  the  enrichment  has  occurred,  and  thei-cforc, 
ore  deposits  extend,  it  may  be  said  that  while  the  great  majority  of 
workings  have  not  gone  to  a  depth  of  1,000  feet,  some  mines  have 
gone  to  a  depth  exceeding  1,500  feet.  The  theoretical  limit  in  depth 
is  that  to  which  the  oxidizing  and  concentrating  action  of  descending 
waters  is  effective.  There  is  little  doubt  that  at  sufficient  depth  the 
ferruginous  slates,  ferruginous  chert,  and  ore  bodies,  which  are  the 
result  of  alterations  in  the  belt  of  weathering,  will  be  replaced  bj' 
the  lean  iron-bearing  carbonates  and  silicates  or  by  the  deep-seated 
alterations  of  the  same  (see  p.  32).  The  ore  deposits  are  strictly  the 
products  of  the  work  of  descending  meteoric  waters  in  the  belt  of 
weathering  and  in  the  upper  part  of  the  belt  of  cementation. 


CHAPTER    II. 

TIIK    IXDIVIDUAT^    DISTRICTS. 

Thus  far  the  statement  has  been  g-eneral.  I  shall  now  take  up  the 
districts  in  succession,  describe  the  phenomena  characteristic  of  each, 
and  give  the  explanation  which  seems  in  each  case  to  be  applical)le. 
After  this  is  done  the  features  which  are  common  to  all  the  districts 
will  be  easil}'  comprehended. 

The  various  districts  will  not  be  considered  in  a  geographical  order, 
but  rather  in  the  order  in  which  it  is  easiest  to  understand  the  rela- 
tions and  the  development  of  the  ore  bodies. 

THE   PENOKEE-GOGEBIC   DISTRICT.' 
TRODUCTION. 

The  production  of  the  Penokec-Gogebic  district  from  18!»1  to  I'.toO, 
inclusive,  was  as  follows: 

Production  of  Peiiokw-dofjchlr  iJI><lrirt  from  18'Jl  to  J'JOO. 

',ong  tons.     I  Long  tons. 

189G 2, 100,  398 

1897 2, 163,  088 

1898 2,  552,  205 

1899 2,  725,  648 

1900 2,  875,  295 


1891 2,  041,  754 

1892 3,  058, 176 

1893 1,466,815 

1894 1,523,451 

1895 2,  625, 475 


The  total  x)roduction  of  the  district  from  1S84,  the  first  yeni'  of 
shipment,  to  li)(M».  inclusive,  was  ;?l.'21(i,()35  long  tons. 

CHAKACTKH   OF   THK    OKKS. 

The  iron  ores  of  the  IVnokee-Gogebic  range  are  soft  led  and  some- 
what hydrated  hematite,  with  a  very  sul)ordinate  amount  of  hard 
steel-blue  hematite.  The  iron  content  computed  from  cargo  analyses 
of  1899  varies  from  ~)'.^A:^  to  »)5.42  per  cent,  and  averages  about  61.32'^ 
per  cent.     The  phosphorus  content  varies  from  .027  to  .188  per  cent, 

'  For  a  full  discussion  of  this  district  see  the  Pcnokoe  iron-bearing  sorie.s  of  Miehignn  and  Wiscon- 
sin, by  K.  D.  Irving  and  C.  K.  Vnii  Hlso:  Mon.  U.S.Geol. Survey  Vol.  XIX,  1892. 

'These  averages  nrc  made  by  multiplying  the  tonnnge  of  any  grade  by  the  cargo  «nal>-sis,  adding 
these  pniduets,  ami  dividing  by  the  aggregate  tonnage  of  all  grades.  In  some  cases  data  have  not 
been  at  hand  for  determining  the  aiiiilyscK  of  certain  gra<les,ttnd  hence  a  .small  percentage  of  the  ton- 
nage is  not  accounted  lor.  T1m>  ti'-'nn-<  L.'iviii,  however,  arc  prolmbly  within  a  fraction  of  a  per  cent 
of  the  correct  averages. 

:):i7 
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and  averages  about  .O-i-i  per  cent.  The  silica  content  varies  from  3.14 
to  1.5.05  per  cent,  and  averages  about  5.47  per  cent.  The  water  con- 
tent varies  from  s.  14  to  13. 05  per  cent,  and  averages  about  7. 84  per  cent. 

I,OrATK)N. 

Tlie  l\'n()lvcc-Ciogc))ic  district  is  a  narrow  l)eit  south  of  Lake  Supe- 
rior, running  about  N.  70  E.,  from  somewhat  west  of  longitude  !»1° 
nearly  to  longitude  8!>^  30'.  The  belt  lies  l)etween  latitude  40°  and 
46*^  30'.  The  eastern  and  most  protitable  third  of  the  district  is  in 
Michigan;  the  western  and  less  protital)le  two-thirds  of  the  district  are 
in  Wisconsin.  (See  PI.  XLIX.)  The  more  important  mining  towns 
of  the  district  are  Hurley.  Ironwood,  and  Bessemer. 

si  (CKSSIOX    OF    FOKMATIONS. 

The  succession  of  formations,  in  descending  order,  is  as  follows: 

Siirirs.'iioK  of  jDniKilioiis  in  l',-ii()k-(r-(lo(/rhi<^  dislrirt. 

{'iiiiil)riaii Lake  Sui>crii)r  saiulstoiu'. 

(Unconforiiiity.) 
Kfwet'iiawan. 

(^riicoiifnniiity.) 

fTjier  slate'  (upiier  slate  formation). 
I  pper   Huroniaa    (Peno-     i,„„„.„„,i  for.nation  (iron-hearing  fonnation). 

kee-(Togebic  series) [  p^,,j^^  formation  (quartz-slate  fc)rmation) . 

(Unconformity.) 

Lnwt^r  lliironian Hail  linicstonc  (clierty  limestone  furmation). 

( Unconformity. ) 
.     ,    .  jCiranite  and  granitoid  gneiss. 
ISchists  and  fine-grained  gneiss. 

STRUC^TUKK. 

Between  the  Cambrian,  Keweenawan,  Huronian,  and  Archean  there 
are  great  unconformities.  There  is  also  an  unconformity  l)etween  the 
Bad  limestone  and  the  Palms  formation.  This  is  regarded  as  the 
inter-Huronian  unconformity.  The  Upper  Huronian  iron-l)earing 
sei'ies  has  a  northward  monoclinal  dip,  varying  from  as  low  as  30°  to 
as  high  as  80°.  For  the  most  of  the  district  the  dip  is  60°  to  70°. 
Superhnposed  upon  the  northern  dips  is  a  series  of  transverse  minor 
rolls  which  gives  the  various  formations  wavy  or  crenulated  out- 
crops. Also  at  various  places  there  are  cross  faults.  The  most  con- 
spicuous of  these  is  that  at  Penokee  Gap,  where  the  throw  is  900  feet  or 

'Tlij  upper  slate  formation  of  the  Penokee-Gogebic  series  is  here  called  the  Tyler  slatf,  liecause 
e.xctliri.t  and  typical  exposures  of  the  formation  are  found  at  Tylers  Fork.  The  irou-bearing  forma- 
tion is  c;ilkd  the  Ironwood  formation,  because  the  city  of  Ironwood  is  partly  located  upon  the  forma- 
tion and  adjacent  to  this  city  are  the  most  important  mines  of  the  district.  The  ciunrtz-slatc  formation 
is  called  Uie  Palms  formation,  because  just  south  of  tlie  Palms  mine,  on  the  I'alins  property,  are 
numerous  typical  exposures  of  the  formation. 
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more.  At  Potato  Kiver  is  iinothor  cross  fault,  with  a  throw  of  at  least 
280  feet.'  From  faults  of  these  magnitudes  the  cross  faults  v;ny  in 
size  to  those  in  which  the  displacements  are  Init  a  few  feet. 

Besides  these  cross  faults,  faults  nearly  parallel  to  the  Ijedding 
occur.  These  faults  have  an  important  bearing  upon  the  genesis  of 
the  ores  and  are  discussed  on  pp.  344-3-18.  The  upper  50  feet  of  the 
(|uartz-slate  member  is  (juartzite.  This  quartz-slate  member  below  and 
the  upper  slate  member  above  are  relatively  impervious  formations. 

IHOXWOOI)    FORMATION. 

^'«^<??;^,  J?>6'.s•^^!^V^?;,  thickness,  and  character. — The  iron-bearing  forma- 
tion extends  as  a  continuous  belt  from  about  6  miles  east  of  Sunday 
Lake,  in  T.  47  N.,  K.  44  AV.,  Michigan,  to  west  of  English  Lake,  in  T. 
44  N.,  R.  4  W.,  Wisconsin.  The  iron  formation  is  also  found  both  east 
and  west  of  these  limits,  ])ut  is  not  traced  continuously.  The  main 
belt  of  the  iron  formation  has  an  average  thickness  of  about  860  feet. 
The  rocks  of  the  iron-])earing  formation  comprise  cherty  iron-bearing 
carbonates,  ferruginous  slates,  ferruginous  cherts,  jaspilites,  ore  bodies, 
and  actinolite-magnetite-schists.  Most  of  the  ore  is  somewhat  soft, 
partially  hydrated  hematite,  but  locally  hard,  lilue  slatv  ore  and,  still 
more  rarely,  "needle"  ore  are  found.  All  of  these  varieties  of  rocks, 
with  the  exception  of  the  actinolite-magnetite-schists,  occur  in  the 
central,  i.  e.,  the  productive  part,  of  the  district.  The  actinolite- 
magnetite-schists  are  almost  wliolly  confined  to  the  eastern  and  western 
nonproductive  parts  of  the  district.  In  the  productive  part  of  the 
disti'ict  the  iron-bearing  carbonates  are  a))undant  at  high  hoi'izons,  and 
the  ferruginous  slates,  ferruginous  cherts,  jaspilites,  and  ore  l)odies 
are  dominant  at  lower  horizons. 

Structural  relatione  of  the  orei^. — The  productive  part  of  the  Iron- 
wood  formation  extends  from  about  1  mile  east  of  Sunday  Lake  in 
Michigan  to  within  4  miles  of  Potato  River  in  Wisconsin,  a  distance 
of  about  2.5  miles.  (See  PI.  XLIX.)  Hoth  east  and  west  of  these 
areas  no  workable  ore  deposits  have  been  found.  The  absence  of  the 
ore  deposits  at  the  eastern  and  western  ends  of  the  district,  and  their 
presence  in  the  central  part  of  the  district,  are  explained  l)y  the  nature 
of  the  alterations  whicli  the  iron-bearing  formation  has  undergone.  In 
Kevveenawan  time  great  masses  of  igneous  rocks  were  intruded  in  a 
most  complex  way  in  the  nonproductive  eastern  and  western  parts  of 
the  Penokee-Crogel)ic  scries.  At  the  w(>st  end  of  the  district  these  intru- 
sives  })elongto  the  great  basal  gabbro  of  the  Kewcenawan.  Conseciuent 
upon  this  intrusion  the  class  of  alterations  occuri-ed  which  has  been 
described  on  page  321  as  the  deep-seated  kind;  the  iron  carbonate  was 
almost  completely  decomposed,  some  of  \\w  jjrotoxide  of  iron  being 

iMon.  v.  S.  Crol.  Survfv  Vol,  XIX.  iv.tj.  j,],.  (:t.  111. 
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partly  oxidized  to  mag-netito.  Aiiotlu'i-  part  of  it  with  the  calriuni  and 
magnesium  united  with  the  silica  present,  producing  actinolite.  The 
result  was  to  transform  the  original  cherty  carbonate  to  a  refractory 
actinolitc-magnetite- schist,  which  meteoric  waters  were  unable  to  handle 
so  as  to  produce  ore  bodies  when  they  were  later  transferred  to  the  lielt 
of -weathering.  The  productive  part  of  the  iron-l)earing  formation, 
however,  remained  during  Keweenawan  time  as  a  little-altered  cherty 
iron  carbonate,  and  when  later  the  district  was  folded  and  deeply 
denuded  so  as  to  expose  the  formation  to  meteoric  waters  thev  found 
the  readily  transportable  and  alterable  iron  carbonate  upon  Avhich  to 
act.  This  material  was  tlicrefore  largely  altered  to  ferruginous  slate, 
ferruginous  chert,  and  locally  to  ore  bodies.  During  the  metasomatic 
changes  producing  the  ferruginous  slates  and  ferruginous  cherts  the 
iron  oxide  and  chert  were  in  many  cases  concentrated  to  a  large  extent 
in  alternate  bands.  Also  the  ore  Avas  partly  concentrated  into  veins 
and  irregular  geodc-like  areas. 

The  iron-ore  deposits,  besides  l)eing  confined  to  the  central  part  of 
the  Ironwood  formation  east  and  west,  are  further  confined  to  its 
southei-n,  lower  horizon.  No  important  ore  bodies  have  ])oon  found 
more  than  ?>()()  to  400  feet  al)ove  the  base  of  the  formation. 

All  of  the  ore  deposits  except  two  lie  against  the  steeply  dipping 
quartzite  at  the  top  of  the  quartz-slate  member.  (See  fig.  8  of  PI.  L.) 
Two  of  the  deposits,  the  Iron  Belt  and  Atlantic,  rest  upon  a  black 
slate  of  considerable  thickness  interstratitied  with  the  iron- bearing 
formation.  The  quartzite  is  therefore  the  foot  wall  of  most  of  the 
mines,  but  in  two  cases  the  foot  wall  is  Ijlack  slate.  The  ore  deposits 
are  thus  bounded  on  the  south  b}'  the  steeply  dipping  quartzite  or  by 
black  slate. 

When  the  Huronian  rocks  were  in  a  horizontal  position  they  were 
cut  by  numerous  dikes,  presumably  of  Keweenawan  age.  These  dikes 
are  relatively  inq^ervious  formations.  They  traverse  the  various  sedi- 
mentary formations  nearly  at  right  angles.  The  positions  of  the 
majority  of  these  dikes  when  intruded  were  such  that  when  the  iron- 
bearing  series  was  tilted  to  the  north  at  angles  vaiying  from  55°  to  70^ 
and  erosion  truncated  the  series,  their  strike  was  not  the  same  as  that 
of  the  layers  the\'  cut.  P^ach  dike  is  therefore  somewhere  exposed  at 
the  surface.  From  the  places  where  the  dikes  reach  the  surface  the 
majoritA^  of  them  pass  under  the  surface  with  rather  gentle  easterly 
undulating  pitches  usually  varjdng  from  15°  to  30°.  However,  some 
of  the  dikes  are  in  such  positions  as  to  pass  below  the  surface  with 
westerly  pitches,  in  some  cases  as  high  as  25°.  Occasionally  the  dikes 
had  such  strikes  that  they  now  have  nearly  vertical  pitches.  The 
gently  pitching  dikes  bound  the  ore  deposits  on  the  north  and  the 
bottom. 

It  follow-,   from  the  relations  above  summarized  that  tli(>  (juartz- 
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(Both  lire  cxploitcil  and  ore  now  in  mine  are  represented  as  ore,  since  the  purpose 
of  this  plate  is  to  show  the  manner  of  the  development  of  the  ore  rather  than  the 
l)resent  sta-je  of  exploitation. ) 

Fii;.  1.  \'ertic'al  east- west  loiifritudinal  sections  of  Ashland  mine,  showing;  relation 
of  ore  dejjosit  to  eastward-pitchini^  ilikcs  and  manner  in  wliiili  ore  and  a  lower  dike 
may  make  their  way  umler  a  hiizher  dike,  there  l)eing  rock  caiipin^  l)etween.  As 
shown  l)y  the  tifrure's,  the  ore  extends  to  the  drift  upon  the  njiper  dikes,  Init  does 
not  on  the  lower  dikes.  The  bodies  of  ore  restinjf  upon  the  u])|)er  dikes  are  com- 
l)aratively  thin.  The  main  body  of  ore  is  on  a  lower  dike,  lielow  the  main  mass 
of  the  deposit  ore  is  found  on  still  lower  dikes.  It  is  highly  i)rol)able  that  the 
quantity  of  ore  uikhi  the  ujjper  dikes  was  far  greater  in  pre-(jlac'ial  time  than  at 
pre.«ent,  and  that  a  large  amount  has  been  lost  through  glacial  erosion.  Between 
the  outcrops  of  the  successive  dikes  are  feeding  areas.  The  water  entering  at  one 
of  these  areas  formed  an  ore  deposit  upon  the  dike  below.  This  to  the  east  inisses 
Indow  a  higher  .like. 

Scale:  1  inch  equals  200  feet.     From  plat  furnished  by  W.  J.  Olcott. 

Fi!..  2.  Vertical  north-south  cross  section  of  Norrie  iiiine  at  No.  7  shaft,  showing 
relations  of  ore  to  adjacent  rocks.  This  ore  dei)()sit  is  one  of  the  greatest  in  the 
(iogel)ic  <listrict.  As  .'^hown  by  the  ligure,  the  <iuartzite  is  the  foot  wall,  a  strong 
dike  is  at  its  base,  and  the  ore-i)earing  formation  constitutes  the  hanging  wall.  The 
figure  .-hows  that  the  ore  extends  to  the  drift. 

Scale:  1  inch  eipials  400  feet.  From  Newett's  Mines  and  Mineral  Statistics  of 
^lichigan,  |).  7S,  Lansing,  189(). 

Fig.  :1  Vertical  north-soutlj  iiuss  section  of  C!olby  mine.  The  Colby  was  one  of 
the  most  imiM)i-tant  ndnes  upon  whicli  tlic  early  jjrospectors  in  the  Gogebic  district 
ba.«ed  their  Ijelief  that  there  cxi-tcil  Mjiarate  "north"  and  "soutk"  veins.  At  the 
Colby  the  "south  vein,"  resting  ui)on  the  foot-wall  (piartzite,  and  the  "  north  vein," 
resting  u]>on  the  dike,  were  both  discovered  at  the  surface;  and  it  was  only  after 
considerable  development  that  the  two  were  found  to  come  together  and  to  consti- 
tute jiarts  of  the  same  orb  deposit,  the  relations  of  which  are  typical  for  the  district. 

Scale:  1  inch  equals  230  feet.  From  Mon.  U.  S.  Geol.  Survey  Vol.  XIX,  PI. 
XXXI,  fig.  2. 

Fk;.  4.  Vertical  longitudinal  east-west  section  parallel  with  the  Gogebic  range, 
showing  the  relations  of  the  main  dikes  of  the  Ashland,  Xorrie,  East  Norrie,  Aurora, 
Pabst,  Newport,  Davis,  and  lilue  Jacket  ore  de|)osits.  In  all  cases  the  ore  dejwsits 
rest  upon  the  dikes.  From  the  Ashhuxl  to  the  Aurora  the  dikes  i)itch  to  the  east. 
However,  the  upi)er  Aurora  dike  forms  a  liasin  and  takesa  westward  pitch,  and  when 
followed  east  contains  the  Pabst  and  Newj)ort  oiv  ileposits.  The  figure  clearly  shows 
how  an  ore  dei)osit  on  a  dike  below  another  dike  always  has  a  feeding  area  to  the 
west  or  to  the  ea.«t;  and  therefore  that  the  ore  may  make  to  as  great  a  dei)th  ))elow 
other  dikes  as  descending  waters  are  effective.  The  ramifications  of  tlie  dikes  are 
very  well  shown  in  the  Ashland  mine.  Also  a  number  of  the  more  imi)ortant  steeply 
inclined  or  vertic^al  dikes  are  shown.  In  this  sketch  no  attempt  is  made  to  rej^resent 
the  smaller  dikes,  of  which  there  are  many. 

Horizontal  scale:  1  inch  equals  5,000  feet.  F'rom  information  furnished  by  W.  J. 
Olcott  and  Jas.  R.  Thompson. 

Fio.  .5.  Vertical  longitudinal  section  of  "north  vein"  of  Pabst  mine,  showing 
bottom  of  basin  of  Aurora-Pabst-Newport  dike  where  pitch  changes  from  east  to  west. 

Scale:   1  inch  e.iuals  400  feet.     From  Newett's  report,  p.  76. 

Fi(i.  6.  Vertical  north-south  cro.«s  section  of  Newport  mine,  siiowing  vertical  dis- 
jilacement  of  dike  by  faulting  parallel  to  the  bedding.  The  throw  in  this  case  is 
I'Tiiial.  It  ajjpears  from  figs,  (i  au<l  7  that  the  maximum  throw  of  the  hanging  side 
'  :  'hi'  fault  as  comiiared  with  the  foot-wall  side  is  eastward  and  downward.  Fig.  6 
i'  ]iM  -i-nts  the  verti<al  component;  iv^.  1  reitresents  the  horizontal  component. 

l"i-ni  information  and  sketch  furnished  by  Jas.  K.  Thompson. 

I'l'  7.  Horizontal  ])lan  rei)resenting  displacement  of  nearly  vertical  dike  at  Kew- 
I'lMi  Mint-  by  faulting  in  the  iron-l)earing member  j)arallel  to  the  bedding.  It  would 
nciT  (laM  l)een  possible  to  detect  this  horizontal  displacement  if  it  were  not  for  the 
dikes.     In  this  case  the  amount  of  horizontal  movement  is  400  feet. 

From  information  and  sketch  furnished  by  Jas.  R.  Thompson. 

Fig.  8.  Theoretical  north-south  cross  section  ilesigned  to  show  manner  in  wliich 
ore  depo.«its  develop  on  dike  basements  and  foot-wall  (piartzite. 

Scale:  1  inch  eijuals  1,400  feet. 
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slate  member  of  the  sei-ies  and  the  dikes  together  constitute  a  set  of 
impervious  troughs,  the  majority  of  which  pitch  gentl}-  to  the  oast. 
With  two  exceptions  it  is  in  these  troughs  that  the  ore  deposits  occur. 
In  the  case  of  the  two  exceptions  similar  troughs  are  composed,  of 
slate  interstratilied  Avith  the  Ironwood  formation  and  the  dikes. 
Without  exception  all  of  the  ore  deposits  are  bounded  bj'  impervious 
quartz-slate  or  black  slate  fonuations  on  the  south  and  by  impervious 
dikes  on  the  bottom  and  north.  In  the  case  of  the  Iron  Belt  and 
Atlantic  mines,  whore  the  foot  wall  is  the  black  slate,  other  troughs 
are  produced  between  the  black  slate  and  the  quartzitc  by  the  quartz- 
ite  and  the  intersecting  dikes.  However,  the  iron-bearing  formation 
between  the  black  slate  and  the  foot-wall  quartzite  at  the  Iron  Belt 
mine  is  only  about  150  feet  in  thickness,  and  apparently  this  thickness 
has  not  been  suificient  to  result  in  the  concentration  of  important  ore 
bodies,  at  least  no  such  ])odies  have  here  boon  found  below  the  black 
slate  foot  wall. 

The  ore  deposits  are  usually  sharply  defined  along  the  foot  walls  and 
the  dike  rocks,  but  often  vary  upward  by  imperceptible  stages  into 
the '  ferruginous  cherts  of  the  iron-bearing  formation.  Where  there 
are  a  number  of  parallel  dikes  one  below  the  other  there  may  be  sev- 
eral ore  bodies  one  below  the  other,  as  for  instance  at  the  Ashland  and 
Norrie  mines.  (See  figs.  1  and  4  of  PI.  L.)  But  all  of  the  large  ore 
bodies  are  bounded  below  by  strong  continuous  dikes  of  considerable 
thickness,  from  which  there  may  of  course  be  branches.  The  main 
Norrie  dike  is  over  80  feet  thick.  The  main  Aurora-Pabst-Ncwport 
dike  varies  from  20  to  25  feet  in  thickness.  The  main  Colby  dike  is 
over  90  feet  thick.  Where  a  strong  dike  breaks  into  many  stringers 
at  some  depth,  as  in  the  Colby  mine,  the  ore  body  is  also  likel}-^  to  be 
broken  up  and  become  small  and  perhaps  worthless. 

An  ore  deposit  is  likoh'  to  have  its  maxinuun  depth  in  the  apex  of 
a  trough,  l)ut  from  this  apex  a  bolt  of  ore  may  extend  to  the  north 
along  the  dike  and  to  the  south  along  the  foot  wall.  In  many  instances 
the  ore  bodies  follow  the  foot  walls  almost  exclusively,  as  at  the  Norrie 
mine.  (Fig.  2  of  PI.  L.)  Tsualh'  whore  the  deposits  follow  l)oth  the 
quartzite  and  dikes,  the  former  is  larger  and  more  continuous  than  the 
latter.  Whore  an  ore  deposit  follows  both  it  may  divide  before  reach- 
ing the  surface  into  two  pai-ts  separated  Ijy  rock,  called  the  south  and 
north  veins  of  the  mines.  l)ut  whore  such  deposits  are  traced  below  the 
surface  they  unite  into  a  single  body.  (See  tig.  8  of  PI.  L.)  The  ore 
grades  al)Ove  or  latcMally  into  the  ferruginous  chert,  and  this  into 
ferruginous  slate. 

Those  general  statcnicnts  are  best  illiisl rated  by  that  i)art  of  the 
Gogebic  range  extending  from  the  Ashland  mine,  near  the  Montreal 
River,  east  to  the  Da\  is  and  Blue  Jacket  mines.  (See  tig.  4  of  PI.  L.) 
Beginning  at  the  A.-hlaiul  mine,  we  find  a  number  of  approximately 
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parallel  dikes,  all  pitching  to  the  east  and  some  of  them  forking  in  a 
curious  way.  The  lowest  of  these  dikes  is  at  the  surface  near  the  west 
end  of  the  property,  and  from  this  point  passes  underground  to  the 
east  in  consequence  of  the  pitch.  Eastward  is  a  succession  of  dikes, 
each  one  in  vertical  section  above  the  dike  next  to  the  west  at  the  sur- 
face and  below  the  dike  next  to  the  east  at  the  surface,  and  all  pitching 
east.  (See  tig.  4  of  PI.  L.)  The  two  upper  and  most  easterly  dikes 
of  the  Ashland  mine  cany  a  small  amount  of  ore  on  this  propert}^, 
and  then  pass  to  the  Norric  properties,  and  there  carry  the  great  ore 
body  of  those  mines.  The  upper  of  these  has  been  known  as  the 
main  Norric  dike.  The  pitch  of  tlic  upper  of  these  dikes  gradually 
Hattens  in  the  Norric  mines,  and  becomes  very  gentle  upon  the  Aurora 
])roperty,  still  carrying  a  large  amoiuit  of  ore.  At  the  Aurora,  how- 
ever, another  higher  dike  appear.-  which  is  at  the  surface  a  short  dis- 
tance from  the  west  line  of  the  Aurora.  This  dike  extends  across 
the  Aurora  property  upon  the  Pa>)st  property,  where  it  flattens  out, 
and  then  takes  a  westerly  pitch,  so  that  it  rises  and  again  I'eaches 
the  surface  on  the  Newport  property.  (See  tig.  5  of  PI.  L.)  There- 
fore the  great  mass  of  the  Aurora  ore,  that  of  the  Pabst,  and  that  of 
the  Newport,  rest  upon  the  same  main  dike.  The  eastward  pitch  of  its 
western  portion  and  the  westward  pitch  of  its  eastern  poilion,  combined 
with  its  flat  center,  make  here  a  great  canoe-like  basin.  East  of  the 
Newport  is  the  Bonnie  mine,  which  has  an  easterly-pitching  dike;  east 
of  this  is  the  Davis,  with  another  easterly-pitching  dike;  and  east  of 
this  is  the  Blue  Jacket,  with  a  third  easterly-pitching  dike.  These 
gently  pitching  dikes  are  cut  by  steeply  inclined  or  nearly  vertical 
dikes  at  a  numl)er  of  places,  as  for  instance  in  the  Norrie,  Pabst,  and 
Newport  mines.  It  therefore  appears  that  the  main  bodies  of  ore 
which  have  yet  betMi  exploited  in  the  Ashland  mine  rest  upon  se\eral 
dikes,  in  the  Norrie  mines  upon  two  dikes,  in  the  Aurora  mine  upon 
two  dikes,  and  in  the  Pabst  and  Newport  mines  upon  one  dike. 
Exploration  has  shown  that  some  ore  exists  below  these  dikes,  but  as 
yet  development  has  not  gone  far  enough  to  show  that  the  deeper 
dikes  carry  ore  deposits  comparable  in  richness  and  magnitude  with 
those  upon  the  dikes  already  mentioned  comparatively  near  the  surface. 

So  far  as  known,  the  great  canoe-shaped  dike  carrying  the  Aurora. 
Pabst,  and  Newport  deposit  is  unique.  However,  east  of  Bessemer 
the  main  dike  in  the  Tilden  mines  has  an  eastward  pitch,  and  the  main 
(like  in  the  Palms  mine  has  a  western  pitch.  As  yet  I  have  been  uiial)le 
ill  ascertain  whether  or  not  the  dikes  of  these  mines  are  the  same,  but 
i)  they  are,  this  would  1)e  another  case  of  a  great  canoe-shaped  l)asini 

I'he  remaining  important  structural  feature  in  connection  with  the 
PiMiokee-Gogebic  deposits  is  the  faulting.  It  has  already  been  stated 
tl  ;it  the  structural  study  of  the  district  has  shown  faulting  across  the 
series  ;ind  faulting  parallel  to  the  Ix'dding,  or  nearly  so,  at  various 
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localities.  The  latter  class  of  faults  is  of  importance  in  connection 
with  the  ore  deposits.  The  best  known  of  these  faults  in  the  iron- 
producing  area  is  that  on  the  Pabst  and  Newport  properties.  The  hade 
of  this  fault  is  apparently  nearly  parallel  with  the  foot-wall  quartzite 
or  with  the  strata.  Its  throw  is  nearly  horizontal,  and  amounts  to 
about  400  feet.  While  its  displacement  would  be  scarceh'  discover- 
able if  the  sedimentary  formations  were  alone  concerned,  it  is  clearly 
shown  by  the  pitching  and  vertical  dikes.  The  north  side  of  the  fault 
has  moved  eastward  relatively  to  the  south  or  foot- wall  side.  Since  at 
the  Pabst  and  Newport  the  pitch  of  the  dike  is  to  the  west,  at  a  given 
cross  section  the  displacement  causes  the  dikes  on  the  north  side  of  the 
throw  to  be  deeper  than  the}^  are  on  the  south  side  of  the  throw.  (Fig. 
6  of  PI.  L.)  At  places  where  the  dikes  pitch  to  the  east  a  fault  with  a 
similar  throw  would  cause  just  the  reverse  relations  in  a  cross  section. 
Where  the  dikes  are  vertical  the  displacement  on  a  horizontal  section 
is  represented  bv  tig.  S  of  PI.  L.  One  of  the  most  interesting  effects 
of  the  faulting  where  the  dikes  have  a  pitch  is  shown  at  the  Pabst 
mine.  The  fault,  here  parallel  to  the  strata,  has  cut  the  dike  about 
150  feet  away  from  the  foot  wall.  The  ore,  instead  of  stopping  at  the 
dike,  follows  down  over  the  broken  and  displaced  ends  of  the  dikes 
toward  another  dike  below.  Upon  the  latter  dike  the  Pabst  mine  has 
developed  a  largo  ore  l)ody.  This  lower  dike  may  be  the  main  Norrie 
dike.  At  the  Bonnie,  Palms,  Blue  Jacket,  Montreal,  and  other  mines 
there  is  also  evidence  of  disturbances  by  faulting.^ 

•  In  connection  with  faulting  in  the  Gogebic  district  and  the  relation  of  faulting  to  the  ore  deposits, 
Mr.  James  R.  Thompson,  superintendent  of  the  Newport  mine,  has  furnished  me  with  full  information. 
The  following  is  extracted  from  a  letter  by  him  upon  this  subject: 

'•  It  is  very  evident,  even  upon  a  cursory  examination  of  the  underground  workings  of  the  Gogebic 
County  mines,  that  there  has  been  much  movement  within  the  limits  of  the  iron-bearing  member. 
Slickensided  surfaces  are  found  almost  everywhere,  and  the  siliceous  portions  of  the  formation  are 
everywhere  broken  into  small  pieces  by  all  sorts  of  cross  joints  and  cracks,  showing  the  strain  which 
this  material  has  everywhere  undergone.  These  phenomena  are  so  universally  present,  and  usually  so 
vague  and  indefinite  in  their  indications,  that  they  might  ea.sily  be  attributed  entirely  to  the  move- 
ments of  accommodation  were  it  not  for  other  undisputed  evidences  of  genuine  faulting.  The  local 
evidences  of  known  faults  are  in  places  so  obscure,  owing  to  the  character  of  the  formation,  and  iso- 
lated iihenomena  of  faulting  which  can  not  be  worked  out  and  traced  are  so  numerous,  that  I  have 
been  forced  lo  the  conviction  that,  in  addition  to  known  faults,  many  faults  with  moderate  movement, 
say  from  10  to  30  feet  throw,  have  tiikcn  place  at  many  places  on  the  range.  Every  ore  body  which  I 
have  examined  has  one  or  more  jilaces  showing  a  disturbance  of  the  original  conditions,  but  in  only 
a  few  cases  is  it  possible  to  follow  up  the  indications  to  a  suflicient  distance  to  define  the  break.  The 
indications  referred  to  are  as  follows:  There  are  continuous  slickensided  .surfaces  of  considerable 
extent.  Portions  of  the  foot  wall  vary  considerably  In  direction  from  the  regular  course  of  the  fiKt  wall 
adjacent.  These  irregular  portions  are  sometimes  vertical,  sometimes  overturned— that  is,  dipping 
south— and  sometimes  the  foot  wall  has  been  moved  to  form  a  regular  bench.  This  same  class  of 
I'heuomena  is  observed  in  the  dikes,  («ily  toa  greater  extent.  Often  a  portion  of  a  dike  is  broken 
ir.to  detached  pieces,  which  arc  out  of  place,  while  the  other  part  of  the  dike  keeps  its  regular  course. 
Sometimes  a  few  brecciatcd  fragments,  either  of  chert  or  dike,  are  found  in  the  ore.  All  of  the  above 
observations  apply  to  places  where  it  is  evident  that  there  have  been  considerable  movements,  but 
where  it  is  impossible  to  determine  the  extent  and  direction  of  the  movemenls,  or  to  determine  the 
relalionof  such  movement.s  to  the  ore  b(Hlies  further  than  to  observe  that  the  two  usually  arc  associated. 
Aside  from  these  rather  indctcnninate  faults,  there  arc  others  well  determined  and,  in  favorable 
places,  well  defined.  With  one  exception  these  faults  are  all  of  small  movement;  and  with  this 
exception  I  would  characterize  the  range  as  one  much  broken  by  many  faults  of  small  throw. 

There  seems  to  be  a  series  of  cross  faults  running  due  north  and  .south,  of  about  "25  to  3.5  feet  throw. 
Three  are  known  on  the  Newport  property,  two  fault  planes  being  occupied  by  cross  dikes.    The 
21  GKOL,  I'T  8  — Ul        —24 
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Topogr((j_)hic  rdationn  of  the  oref<. — In  the  general  i)art  of  this  paper 
it  has  been  pointed  out  that  there  is  an  important  connection  between 
the  topography  and  the  ore  deposits;  viz,  the  ores  generally'  are  found 
below  elevations  or  slopes  rather  than  below  valleys.  This  general 
principle  is  well  illustrated  in  the  Penokee-Gogebic  district.  'See 
PI.  XLIX.)  Beginning  at  the  westend  of  the  district,  and  proceeding 
eastward,  the  Iron  Belt  and  Atlantic  are  upon  a  prominent  hill,  with  a 
valley  immediately  to  the  west.  The  next  important  mine  west  of 
the  ^lontreal  River  in  Wisconsin  is  the  ^Montreal,  and  this  is  located 
on  a  large  hill.'  One  other  mine  of  importance  west  of  the  Montreal 
River  is  the  Germania,  and  this  also  is  on  a  hill.  East  of  the  Mon- 
treal River  in  Michigan  are  the  great  mines  of  the  district.  These  are 
all  located  on  the  crests  or  the  upper  slopes  of  the  elevations,  with  the 
exception  of  the  Pabst,  Avhich  is  in  a  su])ordinate  depression  between 
the  Aurora  and  Newport;  and  here,  it  is  to  be  rememl)ered,  is  the  only 
certain  case  of  a  canoe-shaped  basin.     The  Norrie  and  Aurora  are  each 

fault  planes  are  nearly  vertical,  and  the  east  side  of  the  fault  In  each  case  is  thrown  north,  fo  that 
there  is  a  dislocation  of  the  footwall  of  about  25  to  35  feet.  In  two  of  the  three  cases  at  the  Newport 
the  direction  of  throw  is  nearly  horizontal;  the  third  is  not  yet  determined.  I  suspect  the  occurrence 
of  other  faults  similar  to  these  at  certain  points,  but  have  not  had  the  opportunity  to  prove  my  sus- 
picions are  correct. 

Another  fault  occurs  on  the  Newport  property  at  K  shaft,  the  old  Bonnie  fhaft.  The  strilie  is  W. 
28°  N.;  the  fault  plane  is  nearly  vertical,  but  gains  to  the  southwest  10  feet  with  every  100  feet  in  depth. 
A  small  ore  body  has  so  far  followed  the  intersection  of  this  fault  plane  with  the  footwall,  regardless 
of  the  occurrence  of  dikes.  The  southwest  side  of  the  fault  is  apparently  elevated  about  25  feet  rela- 
tive to  the  northeast  side. 

•  The  only  fault  of  large  movement  which  is  known  among  the  mines  is  a  large  longitudinal  or 
strike  fault,  l^^  plane  is  roughly  the  bedding  plane  of  the  formation,  but  it  apparently  has  a  some- 
what steeper  dip,  75°  tD  80°.  Its  throw  is  practically  horizontal  and  400  feet  in  extent.  The  north 
side  has  moved  east  relative  to  the  south  side.  At  the  Newport  mine  a  sing:e  observation  has  been 
made  of  a  parallel  fault  some  distance  north  with  a  similar  throw  of  about  30  feet.  My  own  personal 
information  and  observation  show  the  main  fault  to  continue  through  the  Newport,  Pabst,  and 
Aurora  properties,  with  a  reasonable  certainty  of  its  further  continuance  to  the  Ashland  mine. 
Besides,  there  are  good  reasons  for  believing  that  .similar  faulting  is  shown  at  the  Montreal,  Atlantic, 
and  Iron  Bolt  mines  in  Wisconsin.  The  lack  of  intelligent  observation  directed  to  this  point 
accounts  for  the  uncerUiinty  as  to  the  extent  of  the  fault.  I  believe  the  same  fault  extends  east  to 
the  Colby,  but  I  have  not  been  able  to  determine  it  at  the  Palms.  In  fact,  at  the  Newport  tunnels 
have  penetrated  the  fault  plane  at  points  which  gave  absolutely  no  Indication  of  its  presence. 
Finally,  while  there  is  no  direct  evidence  to  prove  it,  there  is  at  the  same  time  no  reasonable  doubt 
that  this  large  strike  fault  or  a  .similar  one  extends  nearly  the  whole  length  of  the  productive  part  of 
the  range. 

The  relations  of  thfcse  faults  to  the  ore  deposits  are  mostly  those  which  maybe  rea.soned  out  in 
connection  with  your  theory  of  the  depo.sition  of  the  ores.  They  have  certainly  greatly  faeilitnt.'d 
underground  drainage  and  in  places  have  greatly  modified  the  course  of  the  underground  trunk 
channels.  In  places  the  ore  bodies  are  unusually  large  on  one  side  of  the  faults  and  abruptly  dis- 
appear on  the  other  side.  In  places  the  ore  follows  the  breaks.  Two  different  illustrations  may  be 
interesting.  The  Aurora  dike,  carrying  the  original  main  ore  bodies  of  the  Aurora,  Pabst,  and 
Newport  mines  in  a  longitudinal  projection  of  its  intersection  with  the  foot  wall,  is  lower  in  the 
center  than  at  the  two  ends,  but  carries  ore  throughout  its  length.  At  the  point  of  lowest  depression, 
however,  where  cut  by  the  great  strike  fault  referred  to  above,  the  ore  seems  to  pour  over  the  rim 
of  the  dike  and  drop  straight  down  to  another  dike,  precisely  the  same  as  a  large  current  of  water 
would  have  done  under  the  circumstances.  This  ore  was  obviously  formed  by  downward-flowing 
waters. 

At  K  shaft  of  the  Newport  we  have  found  a  place  where  a  large  volume  of  water  was  rising  on  a 
small  dike  until  the  dike  was  cut  by  the  fault,  after  which  the  water  took  the  fault  plane  as  a  chan- 
nel and  continued  its  way  toward  the  surface.  The  orj  body  at  that  point  is  evidently  formed  by 
rising  waters." 

1  Mon.  r. S.  Geol. Survey  Vol.  XIX,  Pis.  VII  and  VII 1. 
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on  large  independent  hills.  The  Newport  is  on  another  large  hill; 
the  Colby  on  a  prominent  hill  above  Bessemei"  the  Tilden  and 
Palms  on  large  hills  east  of  Bessemer.  The  Tilden  property 
extends  across  an  entire  section,  with  a  central  valle}',  and  it  is  nota- 
ble that  where  this  depression  occurs  the  ore  deposit  disappears.* 
The  only  impoitant  deposits  east  of  the  Black  River  are  the  Mikado, 
Sunday  Lake,  and  Brotherton,  and  these  are  again  all  on  the  crests  or 
the  slopes  of  hills.  In  short,  it  may  be  stated  that  ever}'  large  ore 
deposit  of  the  Penokee-Gogebic  range  is  located  below  high  gi-ound 
and  that  no  important  ore  deposit  has  been  found  under  an  important 
cross  valley.  The  Pabst  is  located  below  a  subordinate  cross  depression, 
but  to  this  mine  a  special  explanation  is  applicable.  (See  pp.  349-350.) 
Notable  examples  of  cross  valleys  with  no  ore  deposits  are  those  of 
the  three  branches  of  l?lack  River,  the  Montreal  River,  and  the  West 
Branch  of  the  Montreal  River.  Between  Sunday  Lake  and  the  Palms 
mine  one  of  the  branches  of  Black  River  follows  along  the  iron- 
bearing  formation,  and  another  branch  crosses  it.  For  3  miles  the 
only  ore  deposit  found  is  at  a  place  where  the  river  swings  far  enough 
to  the  south  so  that  a  considerable  hill  occurs,  and  upon  this  is  the 
Mikado.  In  short,  nomine  in  the  district  has  been  found  to  extend 
under  any  cross  line  of  drainage  large  enough  to  carry  a  distinctly 
marked  river  or  creek.  In  this  connection  it  is  interesting  to  note 
that  Mr.  T.  F.  Cole  says  "it  is  his  experience  that  the  ore  in  the  low 
ground  on  the  Gogebic  range  is  apt  to  be  considerabh'  split  up,  the 
formation  being  more  irregular  than  upon  high  elevations.''-  How- 
ever, the  reason  assigned  by  Mr.  Cole  for  the  change  is  that  the  dikes 
are  more  irregular,  although  for  this  statement  no  evidence  is  given. 
Since  the  connection  of  the  dikes  with  the  ore  is  so  well  known,  it  is 
natural  for  Mr.  Cole  to  suppose  that  where  the  ore  bodies  be(rome 
small  and  irregular  the  dikes  undergo  the  same  change,  but  it  would 
be  very  strange  indeed  if  the  dikes  which  were  injected  into  the 
Penokee-Goge})ic  series  l)efore  the  ))eginning  of  the  development  of 
the  present  topognii)liy  should  have  such  a  relation  to  the  topography 
as  that  suggested. 

While  no  ore  deposit  is  found  below  any  distinctlv  marked  cross 
line  of  drainage,  the  converse  of  this  proposition — that  is,  that  every 
hill  contains  an  important  ore  deposit — can  not  be  made,  although  from 
the  Palms  to  the  Ashland  mine  the  only  e.xceptions  to  this  are  the  two 
hills  between  the  Colby  and  Newport,  upon  which  the  Davis,  Blue 
Jacket,  Puritan,  Ironton.  and  Federal  mines  are  located,  none  of 
which  have  as  yet  developed  large  bodies  of  ore. 

The  apparent  absence  of  large  ore  deposits  below  these  hills  may  !)« 
due  to  the  absence  of  large,  continuous,  well-developed  dikes;  but  also 


I  Mines  nnd  Mineral  Stati.-<tk'.s  of  Michigan,  by  George  A.  Newetl,  Ishpeniing,  1899,  p.  167. 
'Newett.op.cit.,  p.  167. 
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it  may  be  thut  more  thorough  exploration  in  the  future  will  develop 
large  ore  deposits  in  connection  with  these  hills. 

Devdopment  of  the  ores. — The  position  of  the  ore  l)odies  in  refer- 
ence to  the  foot-wall  quartzites,  to  the  diabase  dikes,  and  to  the  topog- 
raphy is  to  be  explained  by  the  general  process  described  on  pages  323- 
330.  This  process  will  here  be  considered  only  in  so  far  as  the  local 
conditions  give  it  a  more  detinite  application. 

The  upper  portion  of  the  Ironwood  formation,  where  it  dips  under 
and  is  protected  by  the  T\'ler  slate,  now  consists  largelv  of  residual 
iron-bearing  carbonate.  (See  lig.  8  of  PI.  L.)  Not  only  is  this  so  at 
the  present  time,  but  it  may  be  presumed  that  the  same  conditions 
obtained  at  any  given  stage  of  denudation.  The  waters  which  fell  upon 
the  iron-bearing  formation  at  high  horizons  were  dispersed  through 
many  miiuite  openings.  These  waters  took  iron-bearing  carbonate 
into  solution  through  tlu^  reactions  explained  on  page  327.  These 
solutions  made  their  way  downward  until  they  came  into  contact  with 
a  dike,  when  they  were  diverted  southward  and  eastward  or  west- 
ward, depending  upon  its  pitch,  until  they  reached  the  foot-wall 
(juartzite  bounded  by  the  impervious  slate  below,  or  an  impervious 
layer  within  the  iron-bearing  formation.  Other  waters  which  fell 
upon  lower  horizons  passed  oidy  through  the  ferruginous  slates  and 
cherts  which  had  already  l)een  formed  from  the  iron-bearing  carbon- 
ate when  the  surface  was  at  a  higher  level  than  at  present.  The  com- 
mingling of  the  waters  from  these  two  different  sources  at  the  apexes 
and  along  the  limbs  of  the  troughs  resulted  in  the  precipitation  of  iron 
oxide.  As  already  pointed  out,  silica  was  also  abstracted.^  Chemical 
anaivses  show  that  the  diabase  dikes  ])elow  the  ore  bodies,  which  were 
originally  rich  in  the  alkalies,  are  now  almost  devoid  of  these  ele- 
ments. The  dikes  in  the  slate  member,  and  also  those  in  the  iron 
formation  not  associated  with  the  ore  Ijodies,  are  oftentimes  ])ut  little 
altered,  and  these  still  contain  much  alkali.  The  work  of  alteration 
"must  therefore  have  been  done  by  the  waters  which  produced  the  con- 
centration of  the  ore;  and  thus  these  waters  became  alkaline.  It  has 
been  shown  (pp.  327-32M)  that  the  waters  were  heavily  carbonated  by 
the  decomposition  of  a  portion  of  the  iron  carbonate.  It  is  w^ell  known 
that  waters  which  are  rich  in  alkaline  carbonates  and  carbon  dioxide 
are  capable  of  dissolving  silica;  and  such  were  the  waters  following 
the  troughs  in  the  Penokee-Gogebic  district.  The  Penokee-Gogebic 
ore  deposits  are  therefore  explained  in  small  part  by  the  oxidation  of 
iron  carbonate  in  place;  to  a  much  larger  degree  by  the  oxidization 
of  iron  carbonate  brought  to  the  troughs;  and  finall}'  by  the  solution 
of  the  silica  once  present  in  the  troughs.  Contemporaneously  with  the 
development  of.  the  ore  bodies  the  ferruginous  slates  and  ferruginous 
cherts  were  formed.     The  process  here  outlined  is  much  more  fully 

1  Mon.  U.  S.  Geol.  Survey  Vol.  XIX,  I89J,  p.  284. 
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given  in  Monograpli  XIX  of  the  l^nitod  States  Geological  Survej', 
pages  285-290. 

The  ore  deposits  are  in  general  below  elevations  or  the  upper  parts 
of  slopes,  because  these  would  lie  the  places  where  descending  waters 
areeffective;  whereas  vallej's  are  places  where  the  waters  are  ascending, 
and,  so  far  as  known,  important  ore  deposits  were  not  produced.  In 
appl^'ing  this  theory'  to  the  Penokee-Gogebic  district  the  following 
facts  are  to  be  remembered.  The  greater  extents  of  the  ore  deposits 
are  east  and  west,  following  along  the  east-west  pitches  of  the  dikes, 
showing  that  the  lateral  direction  of  flowage  was  mainly  east  or  west. 
Furthermore,  it  is  to  be  remembered  that  the  iron-bearing  formation 
plunges  under  an  impervious  slate  formation  to  the  north.  Therefore 
the  waters  could  not  be  expected  to  escape  in  this  direction,  although 
the  slate  belt  to  the  north  is  generally  a  low-lying  area.  The  actual 
position  of  th<^  ores  below  the  elevations,  their  longitudinal  extent  east 
and  west,  and  the  impervious  slate  above,  all  point  to  the  conclusion 
that  the  waters  nuist  have  ascended  and  escaped  at  the  cross  valleys. 
Corresponding  with  this  conclusion  is  the  fact  that  in  general  at  these 
places  no  ore  bodies  have  been  found. 

It  may  be  objected  to  this  theor}-  that  the  pitch  of  the  dikes  to  the 
east  is  greater  than  the  surface  slope,  and  therefore  that  the  under- 
ground waters  when  passing  under  a  vallev  would  be  prevented  from 
escaping  b}-  the  overlying  impervious  dikes.  However,  this  difficulty 
is  explained  by  the  faulting  which  has  been  mentioned  as  a  general 
phenomenon,  the  displacements  of  which  make  passages  available  for 
ascending  waters.     (See  figs.  6  and  7  of  PI.  L.) 

After  this  explanation  was  written,  Mr.  Thompson  wrote  me  that  at 
one  shaft  in  the  Newport  mine  a  place  was  found  "where  a  large 
volume  of  water  was  rising  on  a  small  dike  until  the  dike  was  cut  by 
the  fault,  after  which  the  water  took  the  fault  plane  as  a  chaimel  and 
contiiuied  its  way  to  the  surface."  This  observation  furnishes  a  com- 
plete contirniation  of  the  theory  that  the  ascending  water  is  enabled  to 
reach  the  surface  ])y  following  faults  which  cut  and  displace  the  dikes, 
and  therefoi-e  fui-nish  passages  through  th(>  impervious  strata. 

The  only  additional  ditliculty  wliich  has  occurred  to  me  that  can  ])e 
urged  against  the  theory  of  cii-culation  given  is  furnished  ])y  the  great 
Aurora-Pabst-Newport  deposit,  which  rests  in  a  l)asin  formed  by  the 
quartzite  and  a  con)mon  dike.  (See  fig.  5  of  PI.  L.)  This,  indeed, 
would  have  presentcMl  a  gi'eat  difficulty  had  not  the  fault  described  on 
pages  344-346  been  discovered  at  the  very  l)ottom  of  the  basin.  This 
has  so  displaced  the  dike  as  to  allow  the  waters  descending  from  the  east 
and  from  the  west  to  escape  below  to  a  lower  level.  That  the  water 
has  escaped  in  this  dir(Mtion  is  shown  beyond  any  reasonable  doul)t  by 
the  relations  of  the  ore.  which  makes  completely  over  and  under  the 
ends  of  the  dike,  as  dcs(ril)ed  on  page  m:>.     rndergromul  drainage 
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has  then  run  eastward  froni  the  Aurora  and  westward  from  the  New- 
port into  this  depressed  portion  of  the  trough  and  has  there  flowed 
out  of  the  trouijh  over  the  edge  of  the  dike  Avhere  the  fault  had  cut 
it,  p.-actically  in  the  lowest  part  of  the  basin,  and  has  then  dropped 
vertically  until  the  current  struck  other  dikes  directing  its  How. 
Thus  the  faults  parallel  to  the  bedding  which  displai-ed  the  dikes  and 
which  in  the  early  days  of  their  discovery  were  regarded  with  alarm 
furnished  one  of  the  necessary  conditions  for  the  concentration  of 
many  of  the  large  ore  deposits. 

The  foregoing  facts  seem  to  me  to  show  bej'ond  reasonable  question 
that,  in  the  Gogebic  district  at  least,  we  have  the  concentration  of  the 
ores  somewhat  fulh'  worked  out.  The  descending  waters  on  the  higher 
elevations  worked  to  the  east  or  west  along  the  dikes  to  the  north- 
south  intersecting  drainage.  During  this  journey  the  ores  were  col- 
lected and  deposited.  Below  tiie  valleys  the  waters  were  ascending 
and  escaping.  Of  course,  in  j)re-(ilacial  time,  when  tiie  main  part  of 
the  ore  deposition  was  done,  many  of  these  drainage  lines  were  nuich 
deeper  than  at  present,  for  the  valleys  ar(!  filled,  in  some  cases  at  least, 
to  the  depth  of  many  feet, 

T'niK-  (111(1  <l(-j>fh  (if  concentration. — Since  the  Penokee  series  is  over- 
lain l)y  the  Keweenawan  series,  and  for  the  most  part  the  iron  forma- 
tion was  deeply  buried  during  Keweenawan  time,  the  pi'ocess  of  con- 
centration for  the  greater  part  of  the  district  did  not  begin  during 
this  period.  After  the  Keweenawan  series  was  deposited  and  the 
great  Lake  Superior  syncline  was  formed,  as  a  result  of  which  the 
Penokee  .series  was  changed  into  a  northward  monocline,  the  rocks 
were  in  a  position  in  which  concentration  could  begin.  After  denu- 
dation had  cut  through  the  Keweenawan  and  the  T3der  slate  of  the 
Penokee  series  concentration  would  begin.  This  was  at  the  time 
interval  between  the  Keweenawan  and  the  Cambrian,  The  begiiuiing 
of  ore  deposition,  therefore,  occurred  in  pre-Cambrian  time.  It  i.s  to 
be  supposed  that  ])y  the  time  the  Cumbrian  deposits  were  laid  down  in 
the  Lake  Superior  region  large  ore  deposits  were  formed,  l)ut  how  far 
these  were  above  the  present  surface  of  the  country  is  unknown. 
Since  the  beginning  of  ore  deposition,  so  far  as  downward  denudation 
has  gone  on,  the  ore  deposits  have  also  migrated  downward,  us  explained 
on  pages  330-331. 

As  to  the  depth  to  which  concentration  will  be  found  to  extend,  I 
am  unwilling  to  make  definite  predictions. 

If  deep  exploration  be  made  at  any  given  mine  below  the  dikes 
which  are  basal  to  the  present  known  ore  deposits,  other  dikes  will 
undoubtedly  be  found.  Exploration  has  extended  below  the  so-called 
main  dikes  of  a  number  of  mines,  and  ore  has  been  found.  This  is 
natural,  since  the  deeper  dikes  may  l)e  the  ones  which,  on  account  of 
the  pitch,  reach  the  surface  east  or  west  and  near  the  surface  bear 
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tho  main  ore  deposits  of  other  mines.  How  deep  descending-  waters 
can  be  effective  in  the  concentration  of  ores  with  a  head  of  a  i^w 
hundred  feet  can  never  be  answered  theoretically.  The  presence 
of  one  dike  above  another  does  not  pi*event  concentration,  sines 
between  the  outcrops  of  two  dikes  which  vertically  are  at  different 
depths  is  an  area  at  which  meteoric  waters  can  enter  and  concentrate 
ores  on  the  dikes.  (See  PI.  L,  figs.  1  and  4.)  Moreover,  since  it  has 
been  shown  that  faulting  exists  parallel  to  the  strata,  it  is  certain  that 
it  is  possible  for  w^ater  to  make  its  way  upward  at  valleys  through  the 
dikes.  Therefore  there  is  no  reason  to  suppose  that  the  ore  deposits 
of  the  Penokee-Gogebic  district  ma}'  not  extend  to  as  great  a  depth 
as  in  other  districts  of  the  Lake  Superior  region. 

At  the  present  stage  of  development  nearly  all  of  the  ore  wliich 
has  been  exploited  has  been  taken  from  above  the  l.OOO-foot  level. 
This  is  shown  by  the  depth  of  the  lowest  level  of  some  of  the  deeper 
workings,  as  given  by  the  managers  and  superintendents  in  June,  litOO. 
These  are  as  follows:  Aurora,  920  feet;  Newport,  900  feet;  Tilden, 
600  feet;  Palms,  600  feet;  Norrie,  670  feet;  Mikado,  565  feet;  Brother- 
ton,  7(»0  feet;  Sunday  Lake.  700  feet;  Atlantic,  840  feet;  Montreal, 
No.  1  shaft,  1,020  feet. 

THE    MESABI    DISTRICT. 
By  C.  R.  Van  Hise  and  C.  K.  Leitii. 

The  Mesabi  district  is  treated  somewhat  more  fully  than  tiie  other 
districts  because  of  its  startlingly  rapid  development  and  its  present 
preeminence  as  an  ore  producer.  Further,  the  United  States  Geo- 
logical Survey  up  to  the  present  time  has  published  no  report  on 
this  district,  and  the  reports  already  pul)lished  by  the  Minnesota  sur- 
vey contain  interpretations  of  the  geology  and  the  origin  of  the  ores 
with  which  we  ar(>  not  in  agreement.  All  of  the  detailed  field  work  has 
been  done  b}'  the  junior  author.  The  preparation  of  the  accompanying 
map  (PI.  LI)  in  its  present  form  is  also  wholly  his  work.  However,  tliis 
map  is  based  upon,  but  modlHed  from,  a  private  map  in  the  possession 
of  the  Lake  Superior  Consolidated  Iron  Mines  Company,  which  the 
president  of  that  comi)any.  V.  T.  (rates,  allowed  to  be  placed  at  oui-  dis- 
posal. This  excellent  i)iivat(>  map  was  made  by  J.  V.  Sebcnius,  mining 
geologist,  under  the  diicction  of  \V.  J.  Olcott,  superintendent  of  mines. 
Without  this  map  as  a  basis  it  would  have  been  impossi])le  for  the 
junior  author  to  hav(>,  i)ublished  the  accompanying  map  at  the  present 
time.  This  account  of  the  range  is  pn^liminary  to  a  monograph  upon 
the  district,  to  be  published  by  the  junior  author.  This  moiiograpli  is 
to  be  accompanied  l)y  complete  maps  of  the  entire  district. 

Our  detailed  information  concerning  th(>  district  is  derixcd  from 
several  sources.     The  reports  of  the  Miiincv-^ota  surxcy  by  .).  Edwai-d 
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Spurr/  V.  S.  Grant,  and  N.  H.  Wini'helP  have  been  utilized.  The  most 
important  sourt'o  of  our  information  is,  however,  the  mining  men  who 
have  developed  the  district.  W.  J.  Olcott  and  J.  U.  Sebenius  have 
kindly  furnished  us  a  vast  amount  of  information  concerning  the  area, 
including  copies  of  detailed  maps,  as  already  noted,  and  several  thou- 
sand locations  of  test  pits  and  exposures.  E.  J.  Long3-ear  and  H.  B. 
Hovland  have  given  us  the  results  of  extensive  exploratory  work;  and, 
in  fact,  almost  every  mining  man  in  the  district  has  furnished  us  valu- 
able information.  The  topography  for  the  United  States  Geological 
Survey  has  been  done  liy  E.  C.  Bebb. 

PRODUCTION. 

The   pi-oduction  of  the  ^lesabi  district  for  the  years  1892  to  1900, 
inclusive,  is  as  follows: 

Pr(j<liirli„n  iif  Mesnhi  dhlrki  from  18i>2  lo  1900. 


Long  tons.  Long  tons. 

1892 29, 24.")    1895 2,  889,  .850 


Long  tons. 

1898 4,  8.37, 971 

1899 «,  .51 7,  80.5 


1893 684,194  I  1896 8,082,973 

1894 1,913,284    1897 4,220,1.51     1900 7,  809,  .535 

The  total  production  for  the  district  from  1892.  the  first  year  of  ship 
ment,  to  l'.>00,  inclusive,  was  31,!>33,958  long  tons.  Opened  up  in  1892, 
in  1900  the  output  was  considerably  greater  than  the  combined  totals 
of  an}'  other  two  districts,  being  41  per  cent  of  the  total  for  the  Lake 
Superior  region.  The  next  largest  producer,  the  Marquette  district, 
in  1900  .shipped  18  per  cent  of  the  total  of  the  region. 

I.O(  ATIOX  AND  TOPOGRAPHIC  FEATURES. 

The  Mesal)i  district  lies  wholly  in  northern  Minnesota,  northwest 
of  Lake  Superioi-,  between  latitude  47^  and  48°.  It  extends  continu- 
ously from  Pokegama  Falls  on  the  Mississippi  River  in  a  direction 
about  N.  G0°  E.  to  Birch  Lake,  a  distance  of  100  miles.  Its  general 
trend  for  this  distance  is  roughly  parallel  with  that  of  the  Marquette, 
Penokee-Gogebic,  and  Vermilion  districts.  West  of  the  Mississippi 
the  Mesabi  formations  undoubtedly  continue,  but  they  are  so  deeply 
buried  by  the  glacial  deposits  that  they  have  not  been  traced.  East  of 
Birch  Lake  to  the  middle  of  range  5  west  are  a  few  small  isolated 
patches  of  Mesabi  rocks  close  to  the  northern  periphery  of  the  great 
Keweenawan  gabbro  mass  of  northeastern  Minnesota.  These  have  no 
economic  value  and  are  of  so  little  importance  that  they  are  here 
ignored.     From  the  center  of  range  .5  eastward  through  Guntiint  Lake 

'The  iron-bearing  rock.s  of  the  Mesabi  range  in  Minne.sota,  by  J.  Edward  Spurr:  Bull.  Geol.  Nat. 
Hist.  Surs-ey  Minnesota,  No.  10.  1894. 

^Final  report  of  the  geology  of  Miuue.sota,  by  N.  H.  Wiuthell:  Geol.  Nat. Hist.  Survey  Minnesota, 
Vol.  IV,  1899. 
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into  Canada  the  equivalents  of  the  Mesabi  series  reappear  in  a  con- 
tinuous bolt,  where  they  are  known  as  the  Animikie  series.  The  por- 
tion of  the  Animikie  series  between  the  center  of  range  5  and  Cninflint 
Lake  is  iron-bearing  and  has  been  called  the  Guntiint  formation.  Th's 
is  described  in  the  section  on  the  Vermilion  district,  pages  108-409. 

The  formations  of  the  Mesabi  series  lie  along  the  south  slope  of  a 
ridge  known  as  the  Giants  or  Mesabi  (Chippewa  for  giant)  Range.  (See 
PI.  LI.)  This  ridge,  while  extending  in  the  general  direction  above  indi- 
cated, has  several  gentle  bends,  and  near  the  center  of  the  district,  in 
the  vicinity  of  Virginia,  Eveleth,  and  Sparta,  a  relatively  shai'p  b;Mid, 
known  locally  as  "  The  Horn,"  carries  the  ridge,  and  consequentlv  the 
iron-bearing  rocks  and  their  associates  on  its  slopes,  about  0  miles  to 
the  south.  The  elevation  of  the  range  is  seldom  more  than  400  feet 
above  the  level  of  the  surrounding  country.  These  higher  elevations 
are  found  mainly  in  the  central  and  eastern  portions  of  the  district. 
Toward  the  west  the  elevations  gradually  decrease.  The  south  slopes 
of  the  ridge  are  gentle,  Avhile  the  northern  ones  are  relatively  steep. 
The  distant-e  from  the  low  ground  on  the  south  to  the  low  ground  on 
the  north  of  the  ridge  varies  from  3  to  perhaps  10  miles.  In  addition 
'to  these  general  topographic  features,  the  i-ange  has  numerous  minor 
irregularities,  due  on  the  upper  slopes  mainly  to  normal  erosion  in  the 
rocks  of  the  ridge,  and  on  the  lower  slopes  to  normal  erosion  greatly 
modified  by  the  presence  of  a  heavy  and  irregular  mantle  of  glacial 
drift. 

SUCCKSSION    AND    STRUCTURE. 

The  succession  of  formations  in  th<;  INlesabi  district  app(>ai-s  in  the 
following  table: 

N»(vvw;,«;  ,ifj„ri„(ili<,iix  ///  Mi'itiihi  (liMrict. 
Cretaceous. 

(Uucont'onuity.  ) 

Ki'Wt'eiiawaii <in'at  lia.-iil  <;at)))r()  ami  firaiiitc,  intrusive  in  all 

lower  formations, 
(riicoiiformity.  ) 

IN'irKinia  slate  (iipju-r  slate  fonnatioii ). 
niwal.ik  fonnation  (iro.i-bearinfr  fornuuioni. 
Pokecama  torination  (quartzite  ami  cinarl/,--hite 
formation). 
(Uneonformity.  ) 

((■ranite,  intrusive  in  lower  formations. 

Lower  Huronian Slate-gray  waeke-eonjjlomerate  fonnation. 

(Kquivalent  to  tlie  Ogishke  and  Knife  forma- 
[     tious  of  tlie  Verniilioii  district.) 
(Unconformity.) 
Archean <  ireenstones,  iiornbiende-.scliists,  and  ]ior]>hvrie9. 

The  core  of  the  Giants  Range — mainly  its  northern  portion-  is  com- 
po.sed  of  igneous  rocks,  consisting  of  Aichean  greenstones  and  horn- 
blende-schists    and    Lower    Huronian    and    post-lluronian    granites, 
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ag'ainst  which,  in  some  places  with  eruptive  contact,  and  in  some  places 
with  normal  erosion  unconformity,  rest  the  Huronian  sedimentary 
rocks  of  the  district,  both  the  iron  hearing  and  noniron  bearing-,  the 
oldest  appearing  closest  to  the  core  rocks  and  the  3'oungest  farthest 
from  them  to  the  south.  The  rocks  on  the  range  are  well  exposed 
only  on  the  upper  slopes,  where  they  are  mainl}^  igneous,  though 
partly  older  sediment^iry.  On  the  lower  slopes,  where  the  rocks  are 
sedimentary,  the  exposures  are  few  beciiuse  of  the  thick  covering  of 
glacial  drift. 

AKCHKAN. 

Tile  Archean  forms  the  basement  upon  which  the  Huronian  sedi- 
ments rest.  It  is  represented  in  the  Mesabi  district  mainly  by  green- 
stones, sometimes  spheroidal,  and  })y  very  subordinate  quantities  of 
acid  porphyries,  each  of  these  rocks  showing  both  massive  and  schistose 
aspects  in  different  places.  Probably  also  certain  hornblende-schists 
arc  Ai'chean.  The  greenstones  and  greenstone-schists  have  their  best 
development  in  tiie  higher  parts  of  the  area  northwest,  north,  and 
northeast  of  Virginia;  in  the  "Horn"  l)etween  Virginia,  Eveleth,  and 
McKinley;  and  thence  east  to  Embarrass  Lake.  East  of  Embarrass 
Luke  there  are  no  Archean  rocks  in  the  part  of  the  district  here 
described.  The  Archean  porphyries  arc  found  only  in  three  isolated 
areas  in  the  "Horn."  The;  hornblende-schists  are  best  exposed  north 
and  iiorth«'ast  of  Mountain  Iron.  Nortii  of  Hibbing  also  hornblende- 
schists  appear,  but  it  is  doubtful  how  many  of  them  can  ])e  assigned 
to  th<;  Archean.  Some  are  certainly  metamorphosed  Lower  Hui'onian 
sediments,  and  it  is  possi])le  that  all  are. 

The  greenstones  and  their  associated  hornblende-schists  and  porphy- 
ries have  their  exact  counterparts  in  the  Vermilion  iron-])earing  dis- 
trict. The  jaspers  and  iron  areas  associated  with  these  rocks  in  the 
Vermilion  district,  however,  are  not  present  in  the  Mesabi.  The 
Mesal)i  ores  are  of  later  age,  as  will  be  shown  below. 

LOWER   HUKONIAN. 

The  sedimentary  rocks  of  the  Lower  Huronian  consist  of  beautifully 
banded  gray  wackes  and  slates  and  conglomerates,  standing  in  an  approx- 
imately vertical  attitude  adjacent  to  the  older  igneous  rocks  of  the 
higher  parts  of  the  range.  The  principal  areas  of  the  Lower  Huronian 
sediments  appear  in  a  belt  running  from  Eveleth  northeast  to  Biwabik, 
and  beginning  again  a  little  northwest  of  Mesabi  station  and  con- 
tinuing northeast  to  the  Mailman  camps,  near  the  center  of  range  14 
west.  In  small  patches  they  are  found  next  to  the  granite  north  of 
Hibbing;  inclosed  in  the  hornblende-schist  north  of  Mountain  Iron; 
bordering  the  greenstone  in  the  northern  part  of  sec.  31,  T.  59  N., 
R.  17  W.,  north  of  Virginia;  bordering  the  greenstone  just  north 
of  Sparta  in  sec.  34,  T.  57  N.,  R.  17  W.;  in  the  NE.  i  of  sec.  34, 
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T.  59  N.,  R.  16  W.;  in  the  NE.  i  of  sec.  1,  T.  58  K,  R.  It;  AV..  east 
of  Biwabik.  The  rocks  of  these  small  areas  are  usually  nuich  mota- 
morphosed,  but  their  sedimentary  character  is  unquestionable. 

The  presence  of  a  lower  sedimentary  series  was  recognized  b}'  the 
Minnesota  survey.'  The  distribution  of  this  series  and  the  proof 
of  the  unconformities  between  it  and  the  underlying  and  overlying 
series  were  worked  out  by  the  junior  author. 

It  has  already  been  noted  that  the  Lower  Huronian  series  is  in  nearly 
vertical  attitude.  If  there  is  subordinate  folding  and  reduplication 
of  beds  in  isoclinal  attitudes,  as  one  would  expect,  evidence  of  this  is 
not  apparent.  The  bedding  appears  to  correspond  approximately 
with  the  secondary  cleavage,  and  the  strikes  throughout  the  extent 
of  the  belts  do  not  vary  more  than  10"^  or  15^.  If  the  beds  have 
nowhere  been  folded  back*  on  themselves,  the  thickness  of  the  strata 
has  a  possible  maxinunn  of  10,000  feet.  However,  it  is  more  than 
probable  that  in  places  where  covered  with  drift  the  formation  may  be 
sharply  folded,  in  which  case  this  great  thickness  is  only  apparent. 
Probably  8,000  to  5,000  feet  would  be  the  greatest  thickness  that  can 
safely  be  assigned  to  the  formation. 

Where  the  Lower  Huronian  sediments  are  in  contact  with  the 
Archean  rocks  the  relations  ai-e  those  of  normal  erosion  unconformity. 
Near  this  contact  in  a  number  of  places  conglomerates  containing  peb- 
bles from  the  Archean  rocks  are  to  be  observed. 

A  coarse,  gray  granite  in  large  areas  is  intrusive  in  the  Lower  Huron- 
ian sediments.  Actual  contacts  may  be  observed  at  a  number  of  places, 
near  which  the  Lower  Huronian  sediments  have  been  altered  in  many 
places  to  hornblende-schists,  which  are  with  difficulty  recognized  as 
sediments  and  distinguished  from  the  hornblende-schists  of  the  Ar- 
chean. This  granite  extends  along  the  entire  length  of  the  ]\Iesal)i 
district.  It  forms  the  higher  parts  of  the  Giants  Range  in  but  a 
few  places — in  the  area  from  northwest  of  Mesaba  station  northeast 
to  the  Mailman  camps,  in  the  area  northeast  and  north  of  Virginia, 
and  in  the  area  extending  from  north  of  Mountain  Iron  west  t-)  Hih- 
bing.  Where  the  Arcliean  greenstone  and  hornblende-schists  form 
the  higher  parts  of  the  range,  and  where,  as  in  the  extreme  eastern 
end  of  the  i-ange,  a  still  later  granite  forms  the  higher  part  of  the 
ridge,  the  Lower  Huronian  gray  granite  lies  on  relatively  low-lying 
ground  to  the  north  of  thi;  range.  It  probably  is  continuous  with  the 
White-Iron  granite  of  the  Vermilion  district. 

That  this  granit«>  was  intruded  in  the  Lower  Huronian  l)e fore  the 
Upper  Huroiuan  was  (h^posited  is  shown  by  the  fact  that  pel)I)les  of 
the  granite  are  found  in  a  number  of  places  in  the  conglomerate  at  the 
base  of  the  Upper  Huronian. 

1  Geology  of  Minnesota:  Virgiiiiii  plate  of  the  Mesnbi  iron  range,  by  I'.S.  Grant:  Oeol. Nat.  Hist  Sur- 
vey Minnesota,  Vol.  IV,  1898,  \n>.  37l>-371. 
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UPPER   HUROXIAN. 


The  Upper  Hurouian  rocks  comprise  three  distinct  formations,  con- 
formable one  with  another.  These  are,  from  the  base  upward,  the 
Pokegama  formation,  consisting  mainly  of  quartzite  and  indurated 
shale;  the  Biwabik  or  iron-bearing  fornvation;  and  the  Virginia  slate. 
The  quartzite  and  indurated  shale  formation  is  called  the  Pokegama 
formation,  following  the  Minnesota  survey,  because  at  Pokegama 
Falls,  on  the  Mississippi  River,  ai'e  the  best-known  exposures  of  this 
formation  in  the  district.  The  iron-bearing  formation,  known  gener- 
ally on  the  range  as  taconite,  is  called  the  Biwabik  formation  because 
the  word  hlwahlk  is  the  Chippewa  word  for  "'a  piece  or  fragment  of 
iron,''  and  the  Biwabik  mine  is  one  of  the  earliest  and  larger  of  the 
mines  located  upon  the  formation.  The  upper  slate  formation  of  the 
Mcsabi  series  is  called  the  Virginia  slate  ])ecause  the  slate  in  typical 
form  has  been  found  in  numerous  test  i)its  and  drill  holes  west  of  the 
town  of  this  name. 

The  relations  of  the  Upper  Hurouian  series  with  the  subjacent 
Ardiean  and  Lower  Hurouian  are  those  of  unconformity.  This 
unconformit}-  is  shown  l)y  the  presence  of  basal  conglomerates  contain- 
ing fragments  of  all  the  underlying  formations,  b}^  the  wide  diver- 
gence in  dip  where  the  Upper  Huronian  and  Lower  Huronian  are 
found  close  together,  and  by  the  manner  in  which  the  Upp  n-  Huro- 
nian laps  over  and  cuts  outthesurfaceoutcropof  the  Lower  Huronian. 

Exposures  of  the  Pokegama  formation  and  a  part  of  the  Biwabik 
formation  are  fairly  numerous  well  up  on  the  slopes  of  the  Giants 
Range;  but  the  Virginia  slate  and  a  large  part  of  the  iron-])earing 
formation  which  occupv  the  lower  slopes  to  the  south  seldom  outcrop. 
For  their  distribution  in  this  area  the  geologist  must  be  dependent 
upon  the  records  of  drill  holes  and  mines,  which  are  numerous. 

The  Upper  Huronian  series  constitutes  a  gently  southward-dipping 
monocline,  the  dips  being  for  the  most  part  between  5°  and  15°.  The 
series  is  very  gently  folded  in  a  direction  transverse  to  the  range.  As 
a  consequence  of  the  flat  dips  of  the  monocline,  these  cross  folds  cause 
great  undulations  in  the  distribution  of  the  surface  outcrops  of  the 
series.  Gentle  cross  synclines  are  likely  to  be  associated  with  a  con- 
siderable bowing  of  the  surface  outcrops  of  the  series  toward  the 
north,  while  cross  anticlines  are  likely  to  be  associated  with  south- 
ward bends  of  the  surface  outcrops. 

The  varying  width  of  the  surface  outcrops  of  the  different  forma- 
tions to  be  observed  on  the  map  is  due  to  several  factors.  First,  con- 
siderable variation  in  thickness  of  the  formations;  second,  the  variations 
in  dip,  causing  considerable  variations  in  width  of  the  surface  outcrop 
of  formations  of  the  same  thickness — a  low  dip  gives  a  broader  out- 
crop and  a  high  dip  a  narrower  one;  third,  variations  in  topography. 
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The  formations  dip  to  the  south.  Therefore,  the  greater  the  dif- 
ference in  elevation  between  the  north  and  south  sides  of  the  surface 
outcrops  of  a  formation  the  greater  is  the  width  of  its  surface  out- 
crop. This  factor  of  topography  is  important  in  proportion  as  the 
dips  are  flat  and  the  differences  in  elevation  great.  With  the  low  dips 
which  obtain  in  the  Mesabi  district  and  with  diff'erence  in  elevations 
up  to  400  feet,  the  topography  has  a  considerable  effect  upon  the 
surface  widths  of  the  formations. 

The  gentle  cross  folds  of  the  Upper  Huronian  series  seem  to  corre- 
spond roughly  with  similar  undulations  of  the  subjacent  Lower 
Huronian  and  Archean  rocks.  This  may  be  taken  to  indicate  that 
these  were  depressions  in  the  Lower  Huronian  and  Archean  forma- 
tions at  the  time  of  the  deposition  of  the  Upper  Huronian,  and  that 
the  initial  dips  of  the  Upper  Huronian  rocks  have  determined  the 
position  of  the  cross  folds,  or  that  })oth  the  Upper  and  Lower  Huro- 
nian series  have  been  folded  together,  or  it  may  indicate  some  combi- 
nation of  these.  If  a  combination,  proV)ably  the  folding  is  the  more 
important. 

Below,  the  formations  of  the  I'pper  Huronian  scries  are  separately 
described. 

fokcgama format loii . — The  Pokegama  formation  varies  from  a  line 
conglomerate,  through  light-colored,  vitreous  quartzite  with  v;ell- 
rounded  quartz  grains,  to  an  exceedingly  fissile  and  micaceous  shale, 
containing  coarse  clastic  mica  plates  lying  parallel  to  the  bedding.  The 
conglomeratic  varieties  are  generally  at  the  base  of  the  formation. 
The  most  abundant  variety  of  rock  is  the  quartzitic  phas(\  The  shaly 
phase  of  the  formation  is  exceedingly  difficult  in  some  cases  to  dis- 
tinguish from  certain  phases  of  the  Lower  Huronian  graywackes  in 
which  secondary  mica  flakes  have  developed.  Indeed,  future  work 
may  show  that  it  will  l)e  necessary  slightly  to  shift  ihe  boundiuy  line 
on  i\\i-  map  between  the  two  formations. 

The  Pokegama  foi-mation  ai)])ears  at  the  surface  as  ;i  narrow  lult 
bordering  th«'  Biwal)iU  formation  on  the  north.  The  belt  is  widest  and 
best  exposed  in  the  western  portion  of  the  district.  From  Mountain 
Iron  east  the  (juartzite  thus  far  found  appears  to  be  in  narrow  discon- 
tinuous l)elts  as  far  east  as  range;  18  we.st.  For  much  of  the  district 
the  mapping  of  the  foiniation  is  based  on  somewhat  meager  data.  :::id 
future  work  will  show  changes,  but  the  formation  has  not  been  repre- 
sented on  the  map  far  beyond  places  where  at  least  some  data  shov,-  its 
presepce.  Where  the  l)oundaries  of  the  formation  are  .somewhat  hypo- 
thetical, if  they  eiici-oacii  in  either  direction  it  is  upon  the  formations 
to  the  north  rather  than  on  the  iron-bearing  formation.  Judging  from 
experience,  further  exploratory  work  is  likely  to  extend  the  limits 
of  the  Pokegama  formation,  making  tli»>  areas  wider  and  more  nearly 
contnuious  than  thev  now  appear  to  l)e. 
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The  thickness  of  the  formation  undoubtedl}'  varies  considerably,  but 
it  is  not  sufficiently  well  explored  to  show  what  the  effect  of  the  fac- 
tors of  changing  dii)  and  topography  has  been  upon  the  apparent 
thickness.  It  is  probable  that  the  thickness  seldom  exceeds  -1:50  feet, 
and  from  this  the  thickness  may  vary  to  zero.  Mr.  E.  J.  Longyear, 
of  llil)l)ing.  in  one  place  (sec.  3"),  T.  58  N.,  R.  21  W.)  drilled  completel}^ 
through  the  quartzite  and  found  a  thickness  of  (59  feet. 

B'nnthih  forniotion. — The  Biwabik  or  iron-bearing  formation  is  a 
well-bedded  ft)rmation  resting  in  structural  conformity  on  the  Poke- 
gama  quartzite.  In  a  number  of  places  a  film  of  fine  conglomerate 
is  at  the  top  of  the  quartzite  just  as  is  the  case  at  the  corresponding  hori- 
zon on  the  Gogebic  range,  but,  so  far  as  the  study  of  the  district  has 
yet  gone,  this  conglomerate  has  not  been  found  to  indicate  any  break 
of  magnitude.  The  correspondence  in  strikes  and  dips  shows  the  two 
formations  to  be  essentiallv  conformable.  Yet  the  change  from  a  coarse 
clastic  formation  to  a  fine-grained  and  largely  nonclastic  foi-mation  is 
astonishingly  al)rupt. 

The  iron-bearing  formation  appears  as  a  continuous  belt  running 
from  Grand  Rapids  on  the  west  to  Bii'ch  Lake  on  the  east,  and  east- 
ward from  this  point  it  is  found  in  a  few  small  isolated  patches.  Its 
breadth  varies  from  less  than  a  quarter  of  a  mile,  as  near  Biwabik,  to 
2  miles  or  more,  as  near  Hibbing,  Mountain  Iron,  Virginia,  and 
Eveleth. 

The  thickness  of  the  Biwal)ik  formation  undoubtedly  varies  consid- 
erably from  place  to  place  along  the  range.  On  the  basis  of  average 
dips  and  widths  of  exposures,  the  thickness  seldom  exceeds  1,000  feet, 
and  is  seldom  less  than  .500  feet.  A  record  of  a  deep  drill  hole  made 
by  Mr.  E.  J.  Longyear,  in  sec.  34,  T.  59  N.,  R.  14  W.,  shows  a  thick- 
ness of  576  feet. 

As  one  of  the  members  of  the  Upper  Huronian  series,  the  iron- 
bearing  formation  was  included  in  the  gentle  cross  folding  of  the 
district.  The  synclines  of  these  cross  folds  have  had  an  important 
relation  to  the  position  and  origin  of  iron  deposits,  as  will  be  seen  below. 

The  Biwabik  formation  presents  such  a  wide  variety  of  phases  that 
they  can  be  scarcely  more  than  mentioned.  Four  widely  differing 
varieties  are:  (1)  A  lean  ferruginous  chert,  the  chert  and  iron  occur- 
ring in  alternate  bands  or  irregularly^  mixed;  (2)  iron-ore  bodies; 
(o)  ferrous  silicate  and  carbonate  rocks;  (4)  more  or  less  ferruginous 
slates.  All  gradational  varieties  between  these  rocks  are  present, 
giving  great  lithological  complexit}'  to  the  formation.  Variety  1 
malas  up  the  great  bulk  of  the  formation  and  usually  is  the  one  imme- 
diately inclosing  the  ore  bodies.  Variety  2  is,  of  course,  the  important 
one  from  an  economic  standpoint.  Thin  layers  of  paint-rock  found 
associated  with  the  ore  bodies  are  probably  the  altered  equivalents  of 
the  ferruginous  slates.     Varieties  3  and  4,  while  not  so  closely  con- 
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nec'ted  with  the  ores  as  variety  1,  have  had  a  part  in  the  development  of 
the  oi-es.  They  usually  are  found  in  the  southern  jmrt  of  the  Biwabik 
foi'niation  close  to  the  overlying  Virginia  slate.  The  ferruginous 
slates  are  also  present  at  middle  and  lower  horizons  in  the  Mesabi 
formation  eastward  from  Mesaba  station  to  Birch  Lake.  The  presence 
of  these  ferruginous  slates  in  the  Biwabik  formation  has  been  one  of 
the  puzzling  features  in  the  exploratory  work  of  the  district.  In  drill- 
ing, slates  are  found  capping  the  iron-bearing  material,  or  as  layers  in 
the  Biwabik  formation  itself,  or  as  a  part  of  the  solid  black  slate  for- 
mation to  the  south,  the  Virginia  slate.  The  slates  within  the  Biwabik 
formation,  as  will  be  seen  on  pages  366  and  368,  probabl}^  have  an 
important  influence  on  the  location  of  ore  deposits,  and  hence  the  dis- 
crimination of  these  slates  is  of  vital  importance  to  mining  men. 
As  3'et  data  are  not  at  hand  for  this  discrimination  on  the  map,  but  it 
is  hoped  that  sufficient  data  may  ultimately  be  collected  to  allow  of  the 
map})ing  of  the  patches  of  upper  slate  resting  upon  the  iron-bearing 
formation,  and  of  the  slate  horizons  in  the  Biwabik  formation  itself. 
Indeed,  this  can  alreadv  be  done  for  limited  areas. 

The  present  productive  part  of  the  Biwabik  formation  lies  between 
the  center  of  range  22  west  on  the  west  and  Embarrass  Lake  on  the  east, 
although  the  discovery  of  good  ore  in  quantity  is  reported  as  far  east 
as  Mesabi  station  and  as  far  west  as  the  center  of  range  24  west.  Indeed, 
it  is  reported  that  mining  will  shortly  commence  at  the  Stephens  mine 
in  sec.  26,  T.  59  N.,  R.  15  W.,  east  of  Biwabik,  and  at  the  Diamond  mine 
in  sec.  15,  T.  56  N.,  11.  24  W.  The  present  productive  portion  of  the 
district  is  thus  the  centi'al  part.  In  this  respect  the  Mesabi  district  is 
similar  to  the  Penokee-Gogebic  district. 

The  Biwabik  formation  shows  many  interesting  alterations  due  to 
the  intrusion  of  great  masses  of  igneous  rocks  both  basic  and  acid. 
Of  these  the  Keweenawan  gabbro  is  by  far  the  most  important.  The 
intrusives  and  their  contact  effects  may  be  observed  east  of  Mesaba 
station.  The  alterations  are  too  complicated  to  ])e  discussed  in  this 
paper,  but  one  should  b.>  mentioned  which  concerns  the  economic  value 
of  the  area.  The  iron  oxide  of  the  Biwabik  formation  west  of  Mesaba 
station  is  mainly  hematite.  In  this  part  of  the  district,  as  above  noted, 
are  all  the  discovered  w()rkal)le  ore  deposits.  The  iron  oxide  east  of 
Mesaba  station  is  largely  magnetite.  The  proportion  of  magnetite 
increases  as  the  distance  mst  of  Mesaba  station  increases.  In  this  part 
of  the  district  no  workable  ore  deposits  have  been  discover(>d.  The 
magnetite  and  intrusive  rocks  are  present  in  the  same  area,  and  further- 
more the  amount  of  magnetite  is  great  in  proportion  as  the  intrusives 
are  approached.  The  magnetitic  nature  of  the  formation  is  due  at  least 
partly  to  the  effect  of  the  intrusives,  as  explained  on  page  40!).  The 
intrusives,  however,  are  probably  .lot  entin>ly  responsible  for  the 
apparent  lack  of  workable  iron-ore  deposits.     The  slat}-  layers  in  the 
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Biwabik  formation,  and  perhaps  other  differences  in  the  original  char- 
actor  of  the  iron-bearing  formation  may  also  have  had  their  effect. 
If  the  main  cause  of  the  nonproductive  character  of  this  area  has 
been  metamorphism,  due  to  the  Keweenawan  gabbro,  this  ai'ea  is 
unproductive  for  essentialh'  the  same  reason  that  the  eastern  and 
western  portions  of  the  Fenokee-Gogebic  district  are  barren. 

Virginia  .shiti'. — The  Virginia  slate  lies  conformably  above  the 
Biwahik  formation,  with  frecpient  interlaminations  of  the  two  forma- 
tions near  the  contact.  The  slate  is  exceedingly  dense,  tine  grained, 
of  gray  and  black  color,  sometimes  graphitic,  and  occasionally  shows 
concretionary  structures.  The  slate  is  found  south  of  the  Biwabik 
formation  throughout  its  extent  from  (xrand  Rapids  to  Birch  Lake. 
Outcrops,  however,  are  exceedinglv  rare,  because  of  its  softness  and 
becaus(>  of  the  heavy  covering  of  drift. 

POST-HUKOXIAN    INTRUSIVES. 

Intrusive  in  the  Upper  Huronian  rocks  is  a  red  granite  with  large 
purple  (juartz  eyes.  This  forms  the  higher  parts  of  the  Giants  Range 
through  most  of  range  12  and  part  of  range  13  west,  near  Birch  Lake. 
An  actual  contact  with  the  iron-bearing  formation  is  exposed  in  the 
western  portion  of  range  12,  and  here  inte'restingmettunorphic  changes 
in  that  formation  are  to  l>e  observed.  This  granite  is  probably  the 
('(juivalent  of  the  red  gianite  appearing  at  Embarrass,  north  of  the 
Mesal)i  range,  near  the  Duluth  and  Iron  Range  track.  Also  later  than 
the  Upper  Huronian  formations,  and  certainly  intrusive  in  them,  is  the 
great  Keweenawan  gabl)ro.  This  overlaps  the  Mesabi  formations, 
cutting  across  them  diagonally  from  southwest  to  northeast,  and  near 
Birch  Lake  cutting  them  out  altogether.  To  this  also  is  doubtless 
partly  due  the  almost  complete  absence  of  the  Mesabi  series  for  a  long 
wa}'^  east  of  Birch  Lake,  although  pre-Keweenawan  erosion  probably 
was  the  major  cause.  Both  the  granite  and  the  gabbro  ha\'e  had  pro- 
found metamorphic  effects  on  the  iron-bearing  formation,  but  just  how 
much  the  present  lithologic  character  of  the  Biwabik  formation  east 
of  Mesaba  station  is  due  to  the  gab})ro,  and  how  much  to  the  granite, 
and  how  much  to  differences  in  the  original  character  of  the  forma- 
tion, is  not  3'et  worked  out.  The  age  of  the  gabbro  is  certainly 
Keweenawan,  and  that  of  the  granite  probably  so. 

CRETACKOUS. 

In  a  few  places  in  the  district  are  slightly  consolidated  Cretaceous 
sediments  resting  unconformably  upon  the  older  formations.  These 
are  for  the  most  part  made  up  of  the  debris  of  the  underlying  forma- 
tions, principally  the  Biwabik  formation,  but  sufficient  fossil  remains 
have  Ijeen  found  to  identify  the  sediments  as  Cretaceous.  Probably 
the  Cretaceous  is  much  more  widespread  than  mapped.  So  far,  it  has 
been  found  only  in  isolated  test  pits. 
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PLEISTOCENE. 

The  glacial  deposits  of  the  district  constitute  one  of  the  most  impor- 
tant formations.  They  form  a  heavy  mantle  overlying  all  of  the  other 
formations.  The  thickness  of  the  drift  varies  from  0  on  the  upper 
parts  of  the  slopes  of  the  Giants  Range,  where  the  rock  exposures  are 
numerous,  to  1.50  or  more  feet  over  the  low-l3'ing  Virginia  slate  and 
part  of  the  Biwabik  formation.  The  thick  mantle  of  drift  over  most 
of  the  area  of  the  iron-bearing  formation  is  a  serious  obstacle  to  explor- 
atory and  mining  work. 

IRON   ORES   IN    BIWABIK    FORMATION. 

Toj)ographlc  relations  of  the  ores. — The  majority  of  the  ore  deposits 
are  on  the  gentle  southward  slope  of  the  Giants  Range,  or  on  the 
westward  or  eastward  slopes  of  the  '"Horn."  In  many  cases  they  are 
well  up  on  this  general  slope;  in  other  cases  the  deposits  are  well 
down  on  the  slope,  or  even  extend  to  the  flat-lying  land  characteristic 
of  the  Virginia  slate.  Usually  the  ore  deposits  pitch  away  from  the 
high  land  adjacent,  and  in  some  cases  the  difl'erence  in  elevation  of 
the  two  ends  of  a  deposit  is  100  feet  or  more,  though  usually  less. 

Commonly  the  thickness  of  the  drift  covering  the  deposits  is  greater 
over  the  parts  of  the  deposits  farthest  from  the  adjacent  high  land 
than  it  is  over  the  parts  close  to  it.  This  indicates  that  the  surfaces 
of  the  deposits  really  have  steeper  slopes  than  appear  at  the  drift  sur- 
face. For  this  reason  in  places  where  the  ore  deposits  apparently 
occur  in  flat-lying  areas,  the  ore  bodies  themselves  may  have  consider- 
able pitches. 

Striirtirral  relations  of  ores. — The  Mesabi  iron  ores,  following  the 
flat  dip  of  the  rocks  of  the  iron-bearing  formation,  form  ])road,  shal- 
low deposits.  As  a  consequence  they  present  considerable  areas  of 
exposure  under  the  drift.  In  this  feature  they  show  a  characteristic 
difference  from  the  deposits  of  other  districts  of  the  Lake  Superior 
region,  where  the  dips  of  the  rocks  are  steeper  and  the  deposits  have 
greater  vertical  and  less  horizontal  components,  and  therefore  present 
smaller  surfaces  of  exposui-e.  Because  of  the  low  dips  also  the 
Mesabi  deposits  have  their  long  dimensions  transverse  to  the  trend  of 
the  range,  in  this  feature  dirt"ering  from  the  Penokee-Ciogebic  deposits, 
where  they  are  parallel  to  the  range. 

The  Mesabi  deposits  have  the  shape  they  would  have  if  deposited  by 
water  in  broad  shallow  troughs,  and  indecfl  it  will  be  shown  below  that 
they  now  rest  in  troughs  formed  l)y  the  cross  folding  to  which  the 
Mesabi  series  has  been  subjected  and  are  Ijottoined  by  impervious  sub- 
stances. No  intrusives  are  reported  in  tiie  iron-l)earing  formation  of 
the  productive  portion  of  the  Mesabi  distiict,  and  igneous  rocks  are 
thus  not  a  factor  in  the  formation  of  troughs. 

21  (iEOL.  I'T  ?>      ol      — 2.5 
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The  evidence  of  the  existence  of  cross  syuclines  or  troughs  where 
the  ore  bodies  are  found  can  be  seen  at  almost  an}'  of  the  large  open 
pits  of  the  district.  On  either  side  of  a  pit  the  layers  of  the  iron- 
bearing  formation  are  found  to  dip  gently  toward  the  ore  body. 
"Where  the  rocks  pass  into  ore  the  dips  usually  increase,  in  many  cases 
rising  to  20'  or  30-,  or  even  to  15^  or  (jO°.  The  steep  dips  are  found 
onh'  a  few  feet  from  the  transition  places  from  rock  to  ore.  In  the 
ore  and  in  the  rock  a  few  feet  awav  from  the  places  of  transition 
the  dips  are  low.  In  the  few  places  where  the  change  in  dip  is  very 
sudden  the  rocks  are  uuich  broken,  and  some  of  the  more  abru]5t  of 
these  flexures  may  actually  pass  into  minor  faults,  l)ut  the  throws  of 
the  faults  in  most  cases  are  not  more  than  a  few  feet.  The  sudden 
downward  flexures  at  the  places  of  transition  from  rock  to  ore  are 
prol)abh'  partially  due  to  the  solution  of  material  in  the  places  now 
occupied  by  the  ore.  The  underground  circulation  dissolved  more 
n)aterial  than  was  deposited,  and  this  resulted  in  su1)sidence  or  ,the 
slump  of  the  strata  under  the  stress  of  gravity. 

"While  chcmic-al  action  has  thus  emphasized  the  S3'nclines,  and  in  a 
few  places  faults  may  have  slightly  emphasized  them,  we  have  no  ques- 
tion that  the  trunk  channels  of  underground  circulation  were  mainlj'^ 
localized  In"  original  synclines  ])elonging  to  the  series  of  cross  folds. 

The  largest  and  most  complex  of  the  cross  folds  are  those  between 
Biwabik  and  Mountain  Iron.  Here  is  one  major  cross  anticline,  to 
the  east  and  west  of  which  are  major  cross  S5'nclines.  It  is  nota])le 
that  this  area  is  one  of  the  two  great  productive  ones  of  the  district. 
The  major  anticline  projects  southwestward,  and  on  it  are  the  town 
and  mines  of  Eveleth.  This  anticline  is  known  as  the  "  Horn."  West 
of  this  anticline  is  a  complex  cross  syncline,  on  which  are  located 
the  towns  and  mines  of  Virginia  and  perhaps  Mountain  Iron.  East 
of  the  "  Horn  "  is  a  less  marked  syncline,  on  which  are  the  towns  and 
mines  of  Biwabik  and  McKinle}'.  These  major  anticlines  and  syn- 
clines are  composed  of  minor  anticlines  and  S3'nclines,  and  it  is  the 
cross  sN-nclines  of  the  second  order  of  magnitude  which  mark  the 
position  of  the  ore  bodies.  The  other  great  productive  area  of  the  dis- 
trict is  that  adjacent  to  Hibbing.  Here  the  cross  folding  as  certainly 
exists  as  it  does  between  Biwabik  and  Mountain  Iron,  but  the  folds 
are  not  of  such  magnitude,  and  it  is  probable  that  here  the  ore  bodies 
rest  in  the  cross  synclines  of  the  first  order.  Superimposed  on  the 
folds  of  the  second  order  of  magnitude  are  still  smaller  ones,  which 
may  be  observed  in  any  of  the  open  pits  of  the  mines.  These  minor 
folds  are  the  rule  and  not  the  exception;  it  is  rarely  that  the  layers  of 
the  ore  deposits  can  be  seen  to  continue  for  any  distance  without 
variations  in  dip  or  pitch. 

Accompanying  the  cross  folding  of  the  iron  formation  is  a  consid- 
erable amount  of  minor  brecciation  and  faulting.     In  the  open  pits  of 
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the  mines  inauy  such  fractures  are  to  be  observed.  In  one  or  two 
phices  the  relations  of  the  formations  are  such  as  to  suggest  that  pos- 
sibly faults  with  considerable  displacements  are  present.  However, 
sufficient  evidence  is  at  hand  to  warrant  the  statement  that  for  the 
district  as  a  whole  the  faulting  and  brecciation  are  not  so  important 
factors  in  localizing  ore  deposits  as  the  general  gentle  folding  above 
described. 

The  bases  of  the  ore  deposits  are  more  irregular  than  would  be 
infei'red  from  the  above  statement  of  their  occurrence  in  troughs. 
Horses  of  rock  are  frequently  found  in  the  ores,  and  the  bottom  of  any 
deposit  never  reposes  on  a  single  layer  of  the  gently  bowed  strata,  but 
rests  upon  many  laj'ers  at  different  horizons.  Indeed,  it  is  common, 
in  going  from  the  center  of  the  troughs  toward  the  limits,  to  tind  the 
bottoms  of  the  deposits  ascending  in  series  of  steps. 

The  troughs  in  which  the  iron  ores  occur  are  and  have  been  in  the 
past  trunk  channels  for  the  circulation  of  underground  water.  Thej^ 
are  at  the  cross  depressions  where  the  movement  of  water  nmst  be  down- 
ward, as  shown  on  pages  367-369.  As  a  matter  of  fact,  the  course  of 
the  flow  can  now  be  followed  in  most  of  the  troughs  on  which  mines 
are  now  working.  The  movement  of  the  water  down  the  formation  is 
further  shown  by  the  fact  that  drill  holes  piercing  the  Virginia  slate 
and  entering  the  iron-bearing  formation  below  frequently  meet  water 
under  pressure,  showing  that  water  actualh^  does  flow  down  the  dip  of 
the  iron  formation  under  the  impervious  Virginia  slate. 

Character  of  o rex. — The  Mesabi  iron  ores  are  for  the  most  part  soft, 
somewhat  hydrated  hematite,  although  soft  limonite  ores  ai-e  present 
in  subordinate  quantity.  Their  texture  varies  from  exceedingly  fine- 
grained "flue  dust"  to  a  fairly  coarse,  hard,  and  granular  ore,  break- 
ing in  parallelopiped  blocks.  In  either  case  the  ore  needs  but  little 
blasting  to  allow  the  steam  shovel  to  take  it  from  the  lied. 

The  flneness  of  many  of  the  ores  has  prevented  the  use  of  large  per- 
centages of  them  in  ])last-furnace  charges.  For  the  finest  ores  33  per 
cent  is  about  as  large  an  amount  as  it  has  been  found  practicable  to 
use.  The  ores  of  medium  coarseness  have  been  used  in  amounts  as 
high  as  50  per  cent.  The  coarsest  grade  has  l)een  used  in  percentages 
running  from  60  to  75.  Indeed,  as  lai-ge  a  percentage  of  the  coarsest 
grade  can  be  used  in  a  mixture  as  it  is  ordinarily  advisable  to  use  of 
any  one  grade. 

The  iron  content,  when  dried,  computed  from  cargo  analyses  during 
1899,  varies  from  58.!>7  to  Gi.SS  per  cent,  and  averages  al)out  63.28 
per  cent.  The  phosphorus  content  varies  from  0.025  to  0.080  per 
cent,  and  averages  about  0.042  per  cent.  The  silica  content  varies 
from  2.50  to  9.20  per  cent,  and  averages  about  3.38  per  cent.  The 
water  content  varies  from  6.81  to  l-t.ll  per  cent,  and  averages  about 
10.78  per  cent. 
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The  ore  as  it  lies  in  the  deposits  is  beautifully  bedded  in  layers  rang- 
ini^  from  a  fraction  of  an  inch  to  several  inches  in  thickness.  A 
single  bed  commonly  shows  considerable  uniformity  in  composition 
and  structure  when  followed  out  laterall},  but  when  compared  with 
the  beds  above  and  below  it  shows  considerable  differences.  In  other 
words,  the  change  in  texture  and  composition  is  between  different  beds 
and  not  between  different  parts  of  the  same  bed,  although  to  this  there 
are  certain  exceptions.  The  effect  of  these  different  colors  and  textures 
in  different  la3-ers  is  to  make  the  bedding  very  conspicuous.  Standing 
inan^'  of  the  open  pits  of  the  district,  it  is  easy  to  follow  the  course  of 
an}'  laj-er  or  group  of  layers  through  their  gentle  flexures. 

The  differences  in  color  are  due  mainl}'  to  differences  in  composi- 
tion. The  brownish,  reddish,  and  black  laj^ers  are  mainly  hematite. 
Some  of  the  very  bright-red  la^'ers  arc  paint-rock.  The  3'ellowish 
laj'ers  owe  their  color  to  the  limonite  in  them.  Not  uncommon!}'  thin 
layers  of  white  efflorescence  emphasize  the  banding  and  add  brilliancy 
to  the  coloring.  Occasionally  material  of  the  same  color  is  in  a  ver- 
tical zone  across  the  layers,  and  such  zone  resembles  an  alteration 
along  a  joint,  the  alteration  extending  difl'erent  distances  in  crossing 
different  layers.  Commonly  such  material  crossing  the  bedding  is 
yellowish  limonitic  material,  and  the  beds  through  which  it  runs  are 
brownish  or  reddish  hematitic  material.  Veins  of  bi-ecciated  quartz 
also  cross  the  beds. 

In  texture  the  variation  is  even  more  marked  than  in  color  or  com- 
position. Certain  layers  are  continuous  with  many  minor  bends  in 
them,  Avhile  intervening  layers  are  characteristically  broken  into  small 
flat  parallelopipeds  whose  greatest  diameters  vary  from  a  fraction  of 
an  inch  to  several  inches.  These  broken  blocks  in  alternate  layers 
are  one  of  the  most  characteristic  features  of  the  deposits.  Ordinarily 
the  continuous  layers  are  either  soft  paint-rock  or  exceedingly  fine  and 
soft  hematite  ore.  The  small  j  oint  blocks  are  commonly  harder  hematite. 
Not  infrequently  when  textures  apparently  associated  with  these  varie- 
ties are  present  in  the  bed  a  stroke  of  the  pick  will  resolve  the  whole 
into  a  tine  dust  in  which  the  materials  of  different  textures  are  not  to 
be  discriminated. 

These  are  the  general  obvious  features  which  strike  one  in  a  casual 
examination  of  any  of  the  mines.  When  the  ores  are  studied  in  detail 
many  interesting  features  appear.  Many  of  these  are  not  essential  for 
the  purposes  of  this  paper,  but  others  will  be  brieffy  mentioned. 

The  distribution  of  the  limonite  in  the  ore  bodies  is  peculiar.  It 
usually  occurs  in  rather  thick  zones  with  more  or  less  hematite  mixed 
with  it.  These  zones  for  each  deposit  have  a  tendency  to  be  fairly 
well  defined  and  persistent,  but  in  different  deposits  they  occur  in 
different  horizons.  In  some  mines  the  limonitic  layers  occur  near  the 
tops  of  the  deposit,  in  others  in  middle  horizons,  and  in  still  others  at 
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the  bottoms,  and  in  others  in  two  or  more  of  these  horizons.  More  are 
confined  to  the  tops  or  bottoms  than  to  the  middle  horizons,  and  those 
confined  to  the  tops  are  far  more  common  than  those  confined  to  the 
bottoms.  Limonite  has  ordinaril\'  been  considered  an  alteration  phase 
due  to  the  influence  of  surface  waters.  If  this  is  the  case  here,  it  is 
interesting  to  note  that  this  alteration  has  not  been  confined  to  any 
particular  zone  of  the  deposits.  Certain  features  indicate  that  the 
limonite  in  the  Mesabi  ore  bodies  may  owe  its  position  partly  at  least 
to  original  variations  in  the  composition  of  the  beds,  as  well  as  to  the 
position  with  reference  to  the  surface  waters.  It  is  seen,  page  363, 
that  the  limonitic  ores  are  frequently  aluminous,  and  therefore  they 
probably  represent  beds  containing  more  than  the  usual  amount  of 
shaly  material. 

Another  feature  of  interest  is  the  constant  association  of  limonitic 
ores  with  high  percentages  of  phosphorus.  This  is  well  recognized 
by  the  mining  men  of  the  area.  This  common  association  has  a  bear- 
ing on  the  derivation  and  alteration  of  the  ore  deposits.  It  might 
mean  that  phosphorus  was  more  abundant  in  the  original  beds  from 
which  the  limonite  has  been  derived;  or,  if  no  more  abundant  than 
in  other  parts  of  the  formation,  that  the  phosphorus  has  not  been 
removed  to  the  same  extent,  since  in  some  cases  the  limonitic  oies  are 
less  pervious,  due  to  their  content  of  shale;  or  it  might  mean  that  the 
conditions  which  resulted  in  the  development  of  limonite  were  favor- 
able also  to  the  precipitation  of  phosphorus.  This  latter  probabilitj^  is 
indicated,  for  a  part  of  the  limonite  at  least,  by  an  occurrence  in  the 
Oliver  mine,  where  in  one  place  a  zone  of  limonite  was,  in  1900,  to  be 
seen  cutting  across  the  layers  of  hematite  like  a  vein  with  sharp  out- 
lines. The  differences  of  percentages  of  phosphorus  just  within  the 
limonite  and  a  few  inches  outside  of  it  were  ver}'  great. 

The  amount  of  pore  space  in  the  Mesabi  ores  due  to  chemical  altera^ 
tion  and  fractuiing  is  shown  by  the  figures  used  by  the  mining  men  in 
estimating  tonnage.  They  allow  IH  to  13  cubic  feet  for  a  ton,  depend- 
ing upon  whether  the  ore  is  mainly  limonite  or  mainly  hematite.  The 
tonnage  of  hard  specular  ore  is  figured  on  the  basis  of  8  or  U  cubic 
feet  to  the  ton.  The  space  occupied  ])y  a  ton  of  the  Mesabi  ore  is  thus 
great  as  compared  with  the  space  occupied  by  hard  specular  ore. 

Kin<h  of  7'ockx  associated  with  the  ore. — The  ores,  so  far  as  they  are 
now  exploited,  are  in  general  in  middle  horizons  of  the  Biwabik  forma- 
tion, though  there  are  exceptions  to  this  rule.  Below  the  ore  bodies 
drill  work  at  numerous  localities  shows  that  a  hard  ferruginous  chert 
exists  (variety  I  above).  Above  the  hoiizon  at  which  the  ore  bodies 
occur  are  apparently  similar  ferruginous  cherts  and  smaller  quantities 
of  carbonated  and  ferrous  silicate  rocks  of  the  formation  (variety  3 
above),  and  particularly  near  the  junction  with  the  upper  slate,  slaty 
layers  (variety  4).     As  already  shown,  slaty  layers  also  appear  in  the 
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horizon  holding-  the  iron  ores.  These  slaty  rocks  at  high  horizons  have 
a  somewhat  ])road  and  irregular  bedding.  Frequently,  when  examined 
with  a  lens,  they  show  mimerous  peculiar  roundish  greenish  granules, 
giving  a  texture  when  altered  resembling  an  oolitic  texture.  The 
nature  of  these  granules  has  as  yet  not  been  full}-  studied  by  us.  They 
are  called  glauconite  l)v  Spurr,  but  analyses  by  Steiger  show  that  the 
material  contains  no  alkalies,  and  therefore  is  not  glauconite.  It  ii^a 
ferrous  silicate.  A  portion  of  the  rocks  of  the  central  horizon,  that  in 
which  the  ore  exists,  appears  to  consist  of  the  altered  equivalent  of  these 
ferrous  silicate  rocks.  But  also  at  various  places  associated  with  the 
ores  are  considerable  quantities  of  very  evenl}'  banded  rocks,  ferru- 
ginous cherts,  and  ferruginous  slates,  the  structures  iuid  textures  of 
which  are  identical  with  the  carbonated  slates  of  the  Penokee-Gogebic 
and  ^Nlartjuette  districts.'  While  these  rocks  to  some  extent  show  the 
little  oolitic  granules,  tho}' are  not  prominent.  In  what  respects  the 
composition  and  texture  of  the  nonproductive  horizons  below  the  ores 
differ  from  those  in  which  the  ores  occur  and  from  the  rocks  of  the 
Biwal>ik  formation  above  the  ores  has  as  yet  not  l)een  ascertained. 

At  the  bottoms  of  several  of  the  larger  mines  arc  layers  of  paint-rock, 
sometimes  associated  with  beds  of  considerable  thickness  of  lean  linio- 
nitic  ores.  The  limonitic  ores  are  frequently  high  in  aluminum,  and 
therefore  the  original  rock  contained  a  considerable  amount  of  argil- 
laceous material.  The  paint-rock  is  plainly  an  altered  slaty  phase 
of  the  Biwabik  formation.  The  paint-rock  may  be  a  single  fairly 
persistent  layer  from  a  fraction  of  an  inch  to  2  or  3  inches  wide,  or 
several  or  many  thin  layers  through  a  zone  of  a  few  feet.  The  belts 
of  argillaceous  ore  and  paint-rock  together  constitute  a  relativelj' 
impervious  l)asement.  In  other  mines  no  limonitic  ore  and  paint-rock 
are  reported  at  the  bottoms  of  the  ore  deposits,  the  ore  appearing  to 
rest  upon  a  massive  phase  of  the  ferruginous  chert.  In  such  cases  it 
may  l)e  that  at  some  horizon  below  the  ferruginous  chert  are  imper- 
vious layers  or  ))eds.  Such  impervious  strata  may  be  within  the  iron- 
bearing  formation  itself  or  ma}'  be  the  Pokegama  slate  below  the 
Biwabik  formation.  If  the  Biwabik  formation  below  the  ore  body 
is  in  places  exceptionally  dense  and  cherty,  such  a  combination  of 
chert  with  an  impervious  stratum  below  would  as  certainly  stop  the 
downward  course  of  the  major  part  of  the  moving  water  as  would  a 
belt  of  aluminous  slaty  material  immediately  below  an  ore  body. 

At  many  places  near  the  top  horizon  of  the  ore  bodies  and  at  some 
places  interstratitied  with  them  are  also  layers  of  lean  limonitic  ores 
rich  in  aluminum.  From  the  composition  one  would  infer  that  these 
also  were  probably  somewhat  slaty  phases  of  the  iron-bearing  forma- 
tion, and,  in  fact,  in  some  cases  these  ores  have  actually  been  traced 
into  slate  by  J.  U.  Sebenius.     The   existence  of   these   relatively 

1  See  Pis.  XVII  and  XIX  of  Mon.  XXVJII  of  the  U.  S.  Geol.  Survey. 
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impervious  strata  at  middle  and  higher  horizons  in  the  ore  (l(>posits 
has  not  prevented  the  concentration  of  the  ores  upon  an  impervious 
basenient  lower  down.  The  development  of  the  iron  ores  upon  the 
impervious  strata  at  difierent  horizons  is  precisely  analogous  to  the 
development  of  the  iron  ores  upon  dikes  at  different  horizons  in  the 
Penokee-Gogebic  district.  In  both  cases  the  best  ore  deposits  devel- 
oped at  the  bottoms  of  thick  belts  of  iron-formation  niuterial  which 
are  bottomed  by  relatively  impervious  strata. 

Ort'g'ni  of  the  ore  dejjosits. — The  Mesabi  district  is  the  only  one  in 
that  part  of  the  Lake  Superior  region  within  the  United  States  in 
which  our  detailed  studies  of  the  iron-bearing  formation  have  not  been 
completed.  At  the  present  time  it  is  not  possible  to  make  as  definite 
statements  concerning  the  development  of  the  ores  as  is  desirable. 
However,  our  studies  have  gone  far  enough  to  justify  certain  conclu- 
sions. It  is  clear  that  pitching  troughs  underlain  liy  slat}^  or  other 
impervious  layers  of  the  Biwabik  or  other  formations  are  below 
ever}'^  ore  deposit.  It  is  equally  clear  that  the  brecciation  of  the 
formation  accompanies  the  cross  folding.  These  troughs  do  now,  as 
in  the  past,  serve  as  trunk  channels  for  the  circulation  of  underground 
water.  In  the  unaltered  parts  of  the  iron-bearing  formation  we  find  fer- 
rous silicate  and  siderite  rocks,  and  in  the  altered  parts  textures  and 
structures  indicating  the  former  existence  of  these  rocks.  Such  i-ocks 
contain  iron  in  a  form  favorable  for  its  easy  oxidation  or  solution  by 
underground  water. 

All  of  these  facts  point  to  one  explanation  of  the  origin  of  the  ore 
deposits.  They  are  mainl}'  secondary  concentrations  in  pitching 
troughs  with  impervious  basements  l)y  downward  moving  waters,  and 
subordinately  oxidations  in  place.  The  process  is  the  one  outlined  below. 
Iron  from  carbonate  and  silicate,  taken  into  solution  l)y  the  descend- 
ing waters,  was  carried  to  the  pitching  troughs,  and  there  met  other 
waters  bearing  oxygen  more  directly  from  the  surface,  resulting  in  the 
precipitation  of  the  ore.  The  solution  of  the  silica  was  a  sinuiltaneous 
process  and  was  favored  l)y  the  large  tpiantities  of  water  concentrated 
in  these  troughs.  The  or(>s  ai-e  very  i)orous,  and,  as  already  noted,  they 
show  decided  indication  of  slump.  This  seems  to  be  conclusive  evi- 
dence that  the  silica  has  been  dissolved  more  rapidly  than  the  iron 
oxide  was  put  into  its  place.  While  the  chemical  action  had  thus 
emphasized  the  synclines,  there  is  no  question  that  the  trunk  cliannels 
of  underground  water  were  localized  by  original  synclines. 

The  meteoric  waters,  entering  the  pervious  iron-bearing  formation 
at  the  higher  northern  ground,  followed  the  troughs  transverse  to  the 
range  down  the  general  slope,  and  mainly  issued  on  the  low  ground 
before  passing  below  the  impervious  slate.  The  higher  geological 
horizons  of  the  liiwal)iiv  i.  c.,  the  horizons  near  the  overlying  slates — 
were  not  in  general  transformed  to  ore  deposits.     When  tlic  ore  depos- 
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its  do  appioach  the  slate  they  are  usually  found  to  grow  lean  and  thin. 
These  were  the  places  where  the  waters  were  ascending  and  issuing, 
and  such  waters  were  deficient  in  oxygen,  and  hence  the  circulations 
were  not  favorable  for  the  development  of  large  ore  deposits  of  good 
quality. 

The  waters  were  confined  below  by  impervious  strata,  probably 
mainly  .slates,  at  different  horizons,  although  principally  in  horizons 
some  little  distance  above  the  bottom  of  the  formation.  In  some  cases, 
as  shown  above,  the  presence  of  slaty  laj'ers  has  not  prevented  the 
concentration  of  ores  upon  an  impervious  basement  lower  down,  since 
between  the  outcrops  of  two  sets  of  relatively  impervious  strata  there 
is  a  broad  area  where  meteoric  waters  ma}'  enter.  However,  in  most 
cases  there  is  a  considerable  thickne-ss  of  apparently  barren  iron- 
formation  material  below  the  iron-ore  deposits,  and  the  question  arises 
why  ore  deposits  have  not  been  concentrated  in  these  horizons  either 
on  impervious  strata  in  the  lower  parts  of  the  formation  or  on  the  under.- 
lying  Pokegama  (juartzite.  In  thePenokee-Gogebic  district  all  the  ore 
deposits,  with  the  exception  of  the  Iron  Belt  and  Atlantic,  are  at  the 
bottom  of  the  Iron  wood  formation  and  rest  upon  the  Palms  formation, 
and  one  might  anticipate  that  the  .same  condition  of  affairs  would  obtain 
in  the  Me.sabi  district,  and  that  the  ores  would  rest  on  the  Pokegama  for- 
mation. If  such  deposits  had  formed,  they  would  pitch  under  most  of 
the  deposits  now  known,  precisely  as  the  deposit  of  one  dike  in  the 
Penokee-Gogebic  district  pitches  below  the  depo.sit  upon  a  higher  dike. 
The  apparent  absence  of  large  ore  deposits  at  the  bottom  horizon  in  the 
iron-bearing  formations  in  the  Mesabi  district  is  probably  explained 
in  most  cases  by  the  fact  that  the  part  of  the  iron-bearing  formation 
below  the  impervious  la\'er,  whether  this  layer  be  slate  or  impervious 
chert,  was  not  .sufficiently  thick  to  furnish  material  out  of  which  such 
ore  bodies  could  develop.  In  some  cases,  however,  it  may  be  ascer- 
tained that  the  lower  part  of  the  Biwabik  formation  was  originally  of 
a  different  and  somewhat  less  favorable  character  than  the  rocks  rich 
in  iron  carbonate  and  ferrous  silicate  out  of  which  the  ore  deposits 
developed. 

The  irregularities  in  the  bottoms  of  the  ore  deposits  above  men- 
tioned are  probably  due  largel}^  to  the  concentration  of  water  in 
S3'nclines,  causing  deeper  penetration  at  the  centers  than  toward  the 
sides  of  the  troughs.  Thus  at  the  centers  of  the  troughs  the  water 
got  down  to  impervious  strata.  But  other  factors  probably  have  had 
their  effect.  The  horses  of  rock  commonly  to  be  observed  have  a  ten- 
dency to  show  flat  joint  sides  and  are  not  broken  into  little  bits  by 
numberless  minute  joints.  It  seems  probable  that  the  verj^  numerous 
small  joints  which  may  be  observed  in  the  iron  ores  have  had  a  consid- 
erable effect  on  the  circulation  of  underground  water,  causing  the 
waters  to  be  deflected  from  certain  places  and  concentrated  in  others, 
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and  thus  cau.sing-  differences  in  the  amount  of  alteration  in  the  original 
rock.  The  result  is  that  in  places  whei-e  the  fracturing  is  not  com- 
plex the  circulation  of  water  has  not  been  vigorous  and  horses  of  rock 
are  left  standing.  Another  factor  explaining  the  irregular  bottoms  of 
the  ore  deposits  may  have  been  the  original  character  of  the  rock.  ' 
Where  the  original  rocks  varied,  the  alteration  products  now  to  be 
observed  would  varv  in  a  corresponding  manner. 

Time  of  cot\cevtration. — As  to  the  time  of  concentration,  the  same 
argument  applies  as  in  the  Penokee-Gogebic  district.  The  processes 
which  formed  the  ore  bodies  were  those  of  the  belt  of  weathering. 
Thev  therefore  could  not  have  begun  to  form  until  denudation  had 
exposed  the  Biwa])ik  formation  to  the  action  of  the  weather.  The 
enrichment  therefore  occurred  subsequent  to  the  general  folding  which 
produced  the  Lake  Superior  syncline  and  subsequent  to  the  long-con- 
tinued erosion  which  removed  the  overlying  Keweenawan,  and  after 
the  iron-bearing  formation  was  exposed  to  the  agencies  of  weathering. 
The  major  part  of  the  work  was  probably  done  before  Upper  Creta- 
ceous time,  and  certainly  in  pre-Pleistocene  time,  but  no  exact  limita- 
tions of  the  period  of  enrichment  can  be  given.  As  in  the  Penokee- 
Gogebic  district,  the  rich  ores  doubtless  represent  a  concentration  of 
iron,  a  large  part  of  which  at  one  time  was  at  a  higher  position  in  the 
iron-beai'ing  formation  and  the  strata  of  which  have  been  removed  by 
the  processes  of  denudation. 

Depth  of  dejiosits. — The  Mesabi  district  is  new,  and  the  depth  to 
which  the  ore  bodies  have  been  ojjened  up  is  not  great.  In  June,  1900, 
the  depths  of  the  lowest  levels  of  some  of  the  mines  were  as  follows: 

Feet.   '  Feet. 

Adams 175     Hull 157 

Burt 97     Rust 170 

Duluth 92  ,  Sellers 120 

In  NovemVjer,  1900.  further  figures  obtained  from  other  mines  are 
as  follows: 


Feet. 

Biwabik 110 

Mahoning' 40-55 

Sparta 125 

Malta no 


Feet. 

Auburn 213 

Genoa 175 

Fayal   170 

Mountain  Iron 150 


These  figures  are  for  the  most  part  measured  from  the  surface  of  the 
drift. 

While  few  of  the  mines  have  reached  the  bottom  of  the  deposits, 
exploratory  work  shows  beyond  question  that  in  most  cases  the  ore 
deposits  extend  to  no  great  vertical  depths.  In  man}'  cases  the  bot- 
toms of  the  rich  parts  of  the  deposits  are  at  depths  less  than  200 
feet,  and  few  deposits  extend  to  a  depth  as  great  as  300  feet.  It 
is  clear  that  the  Mesaln  ore  deposits  are  shallow  as  compared  with 

1  Average  depth  IH  feet. 
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those  of  the  other  iron-bearing  districts  of  the  Luke  Superior  region. 
This  i.i  due  to  the  Aery  gentle  pitch  of  the  deposits  as  compared  with  the 
steep  pitches  of  the  deposits  in  the  other  districts.  However,  it  must 
not  be  understood  from  this  that  the  quantity  of  ore  in  the  Mesabi  dis- 
trict is  less  than  that  in  tlie  other  districts,  for  the  shallowness  of  the 
deposits  is  nuich  more  than  compensated  for  by  their  extraordinary 
breadth  and  length.  Prol)ably  the  famous  T.  58  N.,  R.  20  W.,  Minne- 
sota, contains  more  high-grade  iron  ore  than  any  other  equivalent  area 
in  the  Lake  Superior  region,  and  the  Mesabi  district  as  a  whole  has 
vasth"  more  ore  shown  up  than  any  other  Lake  Superior  district. 

Eaxe  of  minliKj  Memhton-. — With  the  shallowness  of  the  deposits 
and  their  great  length  and  breadth  goes  ease  of  exploration  and  min- 
ing, giving  the  ]\Iesabi  district  a  considerable  advantage  in  this  respect 
over  other  districts.  The  common  method  in  the  district  of  stripping 
off  the  drift  and  loading  the  ore  directly  from  the  deposit  onto  the 
cars  by  steam  shovels  has  been  fully  descril)ed  ])y  a  number  of  mining- 
engineers.  The  large  open  pits  of  the  district,  with  trains  threading 
in  and  out  and  steam  shovels  loading  from  the  banks  to  the  trains,  are 
most  characteristic  sights  in  the  district.  The  cheapness  of  the  method 
as  compared  with  that  of  underground  mining  is  obvious.  However, 
while  this  method  is  the  most  conspicuous  one,  there  are  manj-  deposits 
to  which  it  can  not  be  applied,  and  as  many  or  more  mines  are  operated 
by  underground  as  Ity  ojxMi-pit  work. 

THE   MARQUETTE   DISTRICT.' 
l'i:()Dl(TU)X. 

The  production  in  the  Marquette  district  from  Lsyl  to  19»)(J,  inclu- 
sive, was  as  follows: 

J'ro'hiri;,,,,  :„  .V<ir'jii,'lli'  <}i.ilrlctJro,ii  lS9llo  1900. 


Long  Ions. 

1891 2,  778,  482 

1892 2,  848,  552 

1893 2, 064,  827 

1 894 1 ,  935,  .S79 

1895 1,  982,  080 


Long  tons. 

1S96 2,  418,  846 

1897 2,  673,  785 

1898 2,  987,  930 

1899 3,  634,  596 

1900 3,  457, 522 


The  total  production  of  the  district  from  185i,  the  tirst  year  of  ship- 
ment, to  1000,  inclusive,  was  59,592,793  long  tons. 


CHARACTER    OF    THK    ORES. 


The  iron  ores  of  the  Marquette  district  are  mainly  soft  red  hema- 
tites.    Hard  specular  hematites  are,  however,  important.     jNIagnetite 

'  For  a  lull  discussion  of  this  district,  see  The  Marquette  iron-bearing  district  of  Michigan,  by  C.  K. 
Van  Hisc,  \v.  s.  Bayley,  and  H.  L.  Smyth:  Men.  U.  S.  Geol.  Survey  VoL  XXVIII,  1S9-. 
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Geolo.'^ical  sections  are  shown  on  Plate  LIU 
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and  limonite  are  subordinate.  The  iron  content  computed  from  cargo 
anah'ses  during  1899  varies  from  39.985  to  69  per  cent,  and  averages 
about  63  per  cent.  The  phosphorus  content  varies  from  0.016  to  0.610 
per  cent,  and  averages  about  0.083  percent.  The  silica  content  varies 
from  1.30  to  38.27  per  cent,  and  averages  about  -1:.8  per  cent.  The 
water  content  varies  from  0.45  to  15.29  per  cent,  and  averages  about 
5.40  per  cent. 

I.O(^ATIOX. 

Tlie  ^Marcjuettc  district  is  a  comparatively  small  east-west  belt  run- 
ning from  about  longitude  87°  20'  to  88°  along  the  parallel  of  46°  30'. 
The  district  lies  wholly  in  the  State  of  Michigan,  and  gets  its  name 
from  the  city  of  ^Marquette.  The  more  important  towns  are  Mar- 
quette, Ishpeming,  Negaunee,  Champion,  and  Republic.      (See  PI.  LII.) 

SUCCESSION'    OF    FORMATIONS. 

Tlie  succession  of  the  formations  for  the  district  from  the  top  down- 
ward is  as  follows: 


Cambrian. 


(Unconfonnitv.  ) 


Upper  Iluniniaii  ( Vy 
quette  series). 


(Unconfoiinity. 


Lower  nuronian  (  r.owcr  Mar- 
fjuette  wriew). 


iifformatldiix  in.  Manjiwll,'  <l!slrl<-/. 
. I>ake  Si#])eri(>r  sandstcjiie. 


.Michigainnie  formation  (locally  replaced  by  Clarks- 
burg volcanic  formation).  One  might  divide  the 
Michigamme  sedimentary  formation  into  three 
parts;  (a)  upper  slate  member,  (h)  iron-bearing 
member,  (c)  lower  slate  member. 

Ishpeming  formation,  consisting  of  two  members;  the 
Bijiki  schist  (in  western  part  of  district),  and  the 
Goodrich  quartzite,  containing  detrital  ores  at  its 
l)ase. 

Negaunee  formation.      (The  cliief  iron-bearing  forma- 
tion.) 
Siamo  slate,  containing  interstratifieil  amygdaloid. 
Ajil)ik  quartzite. 
Wewe  slate. 
Kona  dolomite. 
Mt'snard  (iiiartzitc. 


(iranite,  syeniti',  peridotite. 

Ivitchi  .schist  and  Mona  schist,  tlic  latter  ban.lcd,  and 
in  a  few  i>iaccs  containing  narrow  Itands  of   iron- 
ticaring  formation. 
I  Palmer  gneiss. 

Viirious  hiisic  igneous  locks,  mostly  altered  dolcrites  and  having  the' 
mincralogifal  composition  of  diorite,  cut  the  sedimentary  t'oiinations. 
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STRUCTURE. 

In  a  broad  way  the  Marquette  district  is  a  great  syncliuorium.  At 
the  west  end  of  the  area  the  Republic  tongue  projects  to  the  southeast 
as  a  subordinate  syiu-linoriuni.  The  district  is  cross  folded  in  a  com- 
posite wa}',  so  that  the  distribution  of  the  formations  of  the  district  is 
exceedingly  irregular.  (See  PI.  LII.)  A  cross  anticline  in  the  east- 
ern part  of  the  district  gives  a  westward  pitch  to  the  various  forma- 
tions in  the  most  productive  part.  The  sections  of  PI.  LIII  give  the 
essential  facts.  For  a  full  discussion  of  the  structures  reference  is 
made  to  Monograph  XXVIII  of  the  Survey. 

The  iron-bearing  formations  of  the  Marquette  district  occur  at  all 
four  of  the  positions  at  which  ores  are  known  in  the  Lake  Superior 
region;  viz,  from  the  base  upward,  as  follows:  the  Archean  iron-bear- 
ing formation;  the  Negauncc  formation  of  the  Lower  Huronian;  and 
two  iron-bearing  horizons  in  the  Upper  Huronian,  one  at  the  base  of 
the  Goodrich  quartzite  and  tlie  other  within  the  Michigamme  formation. 

The  Archean  iron-bearing  formation  so  far  as  known  is  confined  to 
a  few  localities,  the  more  important  being  Marquette,  the  so-called 
Holyoke  mine,  and  sec.  2,  T.  48  N.,  R.  27  W.  The  materials  com- 
prise ferruginous  slate,  ferruginous  chert,  magnetite-griinerite-schist, 
and  very  small  amounts  of  hematite.  The  onlv  one  of  these  localities 
which  has  ever  produced  iron  ore  is  the  Eureka  mine  in  the  Marquette 
area,  and  this  has  not  produced  ore  for  many  years.  Economically 
the  Archean  formation  therefore  has  no  importance  in  the  Marquette 
district,  and  will  here  not  be  further  considered;  but  from  a  scientific 
point  of  view  the  formation  is  significant,  since  it  furnishes  a  parallel 
to  the  productive  Archean  of  the  Vermilion  and  Michipicoten  districts. 

NEOAUNEK  AND  GOODRICH  FORMATIONS. 

Extent,,  position,  thickness,  and  chai'acter. — The  chief  iron-bearing 
formation  of  the  Marquette  district  is  the  Negaunee.  This  covers 
an  extensive  area  in  the  neighborhood  of  Ishpeming  and  Negaunee. 
(See  PI.  LII.)  From  this  area  various  short  arms  extend  toward 
the  east,  and  two  arms  extend  westward  to  the  west  end  of  the  district 
along  both  the  north  and  south  borders,  and  along  the  borders  of  the 
subordinate  Republic  fold. 

The  Negaunee  iron-bearing  formation  at  its  maxinuuu  is  somewhere 
from  1,000  to  1,500  feet  thick.  It  bears  ores  at  various  horizons. 
Ores  also  occur  at  various  places  at  the  basal  horizon  of  the  Goodrich 
quartzite,  where  it  rests  upon  and  has  derived  debris  from  the  Negaunee 
formation.  However,  these  two  horizons  will  be  treated  together. 
Small  quantities  of  ore  are  also  found  in  the  Michigamme  formation 
at  various  places.     The  rocks  of  the  iron-bearing  formations  comprise 
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cherty  iron-bearing  carbonates,  ferruginous  slates,  ferruginous  cherts, 
jaspilites,  griineritic  magnetite-schists,  detrital  ferruginous  rocks,  and 
ore  bodies. 

The  original  rock  of  the  Negaunee  iron-bearing  formation  was  a 
cherty  iron-bearing  carbonate,  precisely  as  in  the  districts  already 
described.  Furthermore,  at  various  places  the  iron  carbonate 
approached  very  closely  to  a  siderite.  The  metamorphism  of  the 
formation  is  less  simple  than  in  the  districts  already  described,  in  that 
there  have  been  two  periods  of  alteration.  In  inter-Marquette  time  the 
erosion  cut  deep  enough  to  expose  the  Negaunee  formation.  The  upper 
part  of  this  formation  which  was  in  the  belt  of  weathering  was  largely 
transformed  into  ferruginous  slates  and  ferruginous  cherts.  In  early 
Upper  Marquette  time  detrital  material,  largely  derived  from  the 
Negaunee  formation,  accumulated,  thus  making  a  horizon  at  the  base  of 
the  Upper  Marquette  series  largel}^  composed  of  iron  oxide  and  quartz. 
Thereafter  the  original  rock,  the  weathered  products  in  situ,  and  the 
detrital  material  were  buried  under  the  Upper  Marquette  sediments 
and  igneous  rocks  of  that  and  Keweenawan  time  were  intruded. 
While  the  rocks  were  deeply  buried  they  were  folded  closely.  Under 
these  circumstances  the  original  iron  carbonate  and  the  secondary 
material  from  it  yielded  very  different  products.  Where  original 
iron  carbonate  remained,  and  especially  where  it  was  intruded  by 
abundant  igneous  rocks,  it  was  partly  transformed  into  a  griinerite- 
raagnetite-schist.  The  iron  oxide  of  the  ferruginous  slates  and  fer- 
ruginous cherts  was  dehydrated,  and  these  rocks  were  therefore 
changed  to  jaspilites.  At  the  same  time  the  detrital  ores  at  the  base 
of  the  Upper  Marquette  were  transformed  to  hematite  and  jasper- 
bearing  quartzites  and  conglomerates.  Much  later,  but  before  Cam- 
brian time,  the  region  was  again  elevated  above  the  sea  and  folded, 
and  denudation  cut  through  the  Upper  Marquette  series  and  again 
exposed  the  Negaunee  formation  and  adjacent  rocks  to  the  agents  of 
weathering.  A  new  set  of  transformations  was  then  begun.  Residual 
unaltered  cherty  iron  carbonate  was  still  abundant.  Where  this 
reached  the  surface  it  was  transformed  into  ferruginous  slates  and 
cherts.  The  jaspilites  and  detrital  ores  also  received  a  new  contribu- 
tion of  iron  oxide.  It  was  at  this  period  of  alteration  that  the  ore 
deposits  were  developed. 

Structural  relationx  of  the  onx. — Workable  iron  ores  have  been 
found  at  manv  places  from  east  of  Negaunee  to  Michigamme  and 
Spurr  on  the  northwest  and  to  Repul)lic  on  the  southwest.  In  this 
respect  the  Marquette  district  differs  from  the  Mesabi  and  Penokee 
districts,  which  liave  long  stretches  of  iron-bearing  formation  which 
as  yet  have  not  been  fruitful.  It  is  notable  in  this  connection  that 
the  ba.sal  Kewe(Miawan  gabbro  is  not  found  in  the  Mar<iuette  district, 
hence    the    deep-seatccl    and    profound    int'tamorphisni    in   connection 
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therewith  has  not  occurred.  However,  at  various  places  intrusive 
igneous  rocks  are  very  abundant,  and  at  such  localities  the  iron  forma- 
tion is  transformed  into  a  griinoritic  and  magnetitic  schist  from  which 
the  circulating  waters  have  not  produced  ore  deposits. 

The  ore  deposits  of  the  Negaunee  formation  and  the  associated  ores 
may  bo  divided,  according  to  position,  into  three  classes:  (1)  Ore 
deposits  at  the  bottom  of  the  iron-bearing  formation.  (2)  Ore  deposits 
within  the  iron-bearing  formation;  these  ores  frequentlj'  reach  the  sur- 
face, but  are  not  at  the  uppermost  horizon  of  the  formation.  (3)  Ore 
deposits  in  the  top  layers  of  the  Negaunee  formation  and  in  bottom 
layers  of  the  Goodrich  (piartzite.  (Figs,  -t  and  G  of  PI.  LIV.)  This  last 
class  of  deposits  runs  past  an  unconformit}-.  Some  of  these  ore  bodies 
are  almost  wholly  in  the  Goodrich  quartzite.  Stratigraphicall}'  these 
deposits  ought  to  be  separately  considered,  but  they  are  so  closeh' 
connected  genetically  and  in  position  with  the  Negaunee  ore  deposits 
that  they  are  treated  in  connection  with  the  deposits  of  that  formation. 
The  first  two  classes  of  ore  are  generally  soft,  and  the  adjacent  rock 
is  ferruginous  chert  or  ".soft-ore  jasper,"  while  those  at  the  top  of 
the  iron-bearing  formations  are  hard  specular  ores  and  magnetite,  and 
the  adjacent  rock  is  jaspilite,  also  called  ''specular  jasper*'  and  "  hard- 
ore  jasper." 

While  the  larger  num])er  of  ore  bodies  can  be  referred  to  one  or 
another  of  the  three  classes  above  given,  it  not  infrequently  happens 
that  the  same  ore  deposit  belongs  partly  in  one  and  partly  in  another. 
To  illustrate:  The  inter-^Marquette  erosion  may  have  cut  so  nearlj' 
through  the  Negaunee  formation  that  an  ore  deposit  may  extend  from 
the  bottom  of  the  formation  to  the  top.  However,  in  these  cases  the 
ore  bodies  are  usually  hard,  and  upon  the  whole  are  more  closel}' 
allied  to  the  third  class  than  to  the  first.  In  many  places,  also,  the 
upper  part  of  an  ore  deposit  may  be  at  the  topmost  horizon  of  the  iron- 
bearing  formation  and  be  a  specular  ore,  while  the  lower  part  is 
wholh'  within  the  iron-bearing  formation  and  is  soft  ore.  In  some 
places  there  is  a  gradation  between  the  two  phases  of  such  a  deposit, 
but  in  more  instances  the  two  bodies  are  separated  b}'  dilves,  now 
changed  to  soapstone  or  paint-rock. 

(1)  The  ore  deposits  at  the  bottom  horizon  (fig.  i  of  PI.  LIV)  can 
occur  only  where  the  lowest  horizon  of  the  formation  is  present — that 
is,  thej^  are  confined  to  that  part  of  the  formation  resting  upon  the 
Siamo  slate  or  the  Ajibik  quartzite.  Hence  they  are  found  along 
the  outer  borders  of  the  Negaunee  formation,  and  do  not  occur  in  the 
broad  Ishpeming-Negaunee  area.  The  best  examples  of  these  deposits 
are  those  occurring  at  the  Teal  Lake  Kange  and  east  of  Negaunee. 
Here  are  situated  the  Cleveland  Hematite,  the  Cambria,  the  Buffalo, 
the  Blue,  and  other  mines.  These  ore  deposits  have  as  their  foot  wall 
the  Siamo  slate.     A  striking  fact  about  these  deposits  is  that  all  of 
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( Both  ore  exploited  and  ore  now  in  mine  are  represented  as  ore,  since  the  purpose 
of  this  plate  is  to  show  the  manner  of  the  development  of  the  ore  rather  than  the 
present  stage  of  exploitation. ) 

Fig.  1.  Vertical  north-south  cross  section  of  Pitt.«burg  and  Lake  Angeline  mine  in 
the  ilanjuette  district  in  trough  of  soapstone  which  grades  downward  into  greenstone 
and  upward  into  the  ore-bearing  formation. 

Scale:  1  inch  equals  210  feet.  Mon.  U.  S.  Geol.  Survey  Vol.  XXVIII,  PI.  XXVIII, 
fig- 5. 

Fig.  2.  Theoretical  east-west  longitudinal  section  in  Penokee-Gogebic  district 
designe<i  to  show  manner  in  which  ore  deposits  develop  upon  dike  basements  as  a 
result  of  circulating  waters.  Below  crests  and  the  slopes  of  elevations  the  water 
moves  downward,  is  concentrated  near  the  dike  and  foot-wall  (juartzite,  and  there 
deposits  the  ore.  Below  the  valleys  the  water  ascends  and  escapes,  and  at  these  places 
no  ore  deposits  are  produced. 

Fic;.  3.  Vertical  north-south  cross  section  of  fig.  5,  where  ore  deposit  extends  to 
the  drift,  showing  that  the  ba^al  synclinorium  of  slate  consists  of  two  subordinate 
synclines  with  an  intermediate  anticline. 

'  Scale:  1  inch  equals  210  feet.     Mon.  U.  S.  Geol.  Survey  Vol.  XXVIII,  PI.  XXIX, 
fig.  4. 

Fig.  4.  Generalized  section  in  Marquette  district,  showing  relations  of  all  classes  of 
ore  deposits  to  a.s.sociated  formations.  On  the  right  is  soft  ore  resting  in  a  V-shaped 
trough  between  the  Siamo  slate  and  a  dike  of  soapstone.  In  the  lower  central  part 
of  the  figure  the  more  common  relations  of  soft  ore  to  vertical  and  inclined  dikes 
cutting  the  ja.sper  are  shown.  The  ore  may  rest  upon  an  inclined  dike,  between  two 
inclined  dikes,  and  upon  the  upper  of  the  two,  or  be  on  both  sides  of  a  nearly  verti- 
cal dike.  In  the  upper  central  part  of  the  figure  are  seen  the  relations  of  the  hard 
ore  to  the  Negaunee  formation  and  the  Goodrich  quartzite.  At  the  left  is  soft  ore 
resting  in  a  trough  of  soapstone  which  grades  downward  into  greenstone. 

From  Mon.  U.  S.  Geol.  Survey  Vol.  XXVIII,  PI.  XXVIII,  fig.  1. 

Fig.  5.  Vertical  longitudinal  east-west  section  of  one  of  the  mines  of  the  Buffalo 
Mining  Company,  ea.«t  of  Negaunee,  showing  ore  resting  upon  impervious  foot  wall  of 
Siamo  slate  and  pitching  to  the  west  under  the  ore-bearing  formation,  and  grading 
into  the  latter  through  mixed  ore.     A  large  quantity  of  the  ore  extended  to  the  drift. 

Scale:  1  inch  equals  210  feet.  From  Mon.  U.  S.  Geol.  Survey  Vol.  XXVIII, 
PI.  XXIX,  fig.  .3. 

Fig.  6.  Cross  section  of  Section  16  mine,  Lake  Superior  mines,  in  the  Marquette 
district.  On  the  right  is  a  V-shaped  trough  made  by  the  junction  of  a  greenstone 
mass  and  a  dike.  The  hard  ore  is  beween  these  and  below  the  Goodrich  quartzite. 
On  the  left  the  hard  ore  again  rests  upon  a  soapstone  which  is  upon  and  contains 
bands  of  ore-bearing  formation.     The  ore  is  overlain  by  the  Goodrich  quartzite. 

Scale:  1  inch  ecjuals  220  feet.  Mon.  U.  S.  Geol.  Survey  VoL  XXVUI,  PI,  XXIX, 
fig.  1. 
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those  mentioned,  and  all  of  those  known,  occur  at  places  where  the 
Siamo  slate  is  folded  so  as  to  form  a  trough.  All  of  the  Teal  Lake 
mines  occupy  a  place  where  the  iron  formation  curves  to  the  north 
and  then  swings  back  to  its  original  course,  the  ore  deposits  thus 
resting  upon  a  southwai'd-pitching  trough  of  the  slate.  Still  more 
striking  is  the  occurrence  east  of  Negaunee.  Here  the  ore  bodies 
occur  at  places  where  the  slate  is  folded  so  as  to  furnish  sharply 
pitching  synclinal  troughs  which  plunge  to  the  west.  (Figs.  3  and  5  of 
PI.  LIV.)  It  is  furthei-  found,  1)}'  an  examination  of  the  workings, 
that  the  iron-bearing  formation  is  often  cut  ])y  a  set  of  steep  or 
vertical  dikes,  and  that  the  conjunction  of  these  dikes  with  the  foot- 
wall  slate  forms  sharp  V-shaped  troughs.  This  is  particularly  clear  in 
the  case  of  the  Cleveland  Hematite  mine,  where  the  ore  bodies  are 
found  between  a  series  of  vertical  dikes  and  the  Siamo  slate. '^  ^^y  com- 
paring this  occurrence  with  the  ore  deposits  of  the  Penokee-Gogebic 
district,  it  will  be  seen  that  they  are  almost  identical,  in  each  case 
there  being  on  one  side  of  each  of  the  ore  bodies  an  impervious  sedi- 
mentary formation  and  upon  the  other  an  impervious  dike,  the  two 
uniting  to  form  a  pitching  trough. 

(2)  The  typical  area  for  the  soft-ore  bodies  within  the  Negaunee 
formation  is  that  of  Ishpeming  and  Negaunee.  Here  belong  such 
deposits  as  the  Cleveland  Lake,  the  Lake  Angeline,  the  Lake  Superior 
Hematite,  the  Salisbury,  and  many  others.  When  these  deposits  are 
examined  in  detail  it  is  found  that  the  large  deposits  always  rest  upon 
a  pitching  trough  composed  wholly  of  a  single  mass  of  greenstone 
(PI.  LHI),  or  on  a  pitching  trough  one  side  of  which  is  a  mass  of  green- 
stone and  the  other  side  of  which  is  a  dike  joining  the  greenstone  mass 
(figs.  1  and  6  of  PI.  LIV).  The  underlying  rock  is  called  greenstone, 
although  immediately  in  contact  with  the  ore  it  is  known  by  the 
miners  as  paint-rock  or  soapstone.  However,  a  close  examination  of 
numerous  localities  shows  that  the  greenstone  changes  ])v  minute  gra- 
dations into  the  schistose  soapstone,  and  this  into  the  paint-rock,  and 
that  therefore  these  phases  are  merely  parts  of  the  greenstone  which 
have  been  profoundly  altered  by  mashing  and  leaching  processes  and 
strongly  impregnated  l)y  iron  oxide.  ^Many  of  the  thinner  dikes  are 
wholly  changed  to  paint-rock  or  .soapstone,  or  to  the  two  combined.  The 
larger  number  of  these  troughs  are  found  along  the  western  third  of 
the  Ishpeming-Negaunee  area.  By  examining  PI.  LII,  the  masses  of 
greenstone  may  be  seen  partly  inclosing  several  westward-opening 
bays,  which  are  occupied  by  the  iron-bearing  formation.  Conspic- 
uous among  these  are  the  Ishpeming  basin,  the  northern  Lake  Ange- 
line l)asin,  the  .southern  Lake  Angeline  basin,  and  the  Salisbury  basin. 
In  each  of  these  cases  the  greenstone  forms  an  amphitheater  about  the 

1  The  IVnokce  iron-bearing  series  ol  Mlchignn  nnd  Wiseonsin,  by  R.  D.  Irving  mid  C.  K.  Von  Hise: 
Mon.  V.  S.  Geol.  Survey  Vol.  XIX,  IW-'.  I>l>.  '.'68-291. 
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rocks  of  the  iron -bearing  formation.  Areas  of  iron  formation  open 
out  to  the  west  into  the  main  area,  and  thus  the  troughs  have  a  west- 
ward pitch.  In  the  case  of  Lake  Angeline,  an  east-west  dike  cuts 
across  the  basin  south  of  the  center,  and  this  combined  with  the  green- 
stone bluffs  to  the  north  and  to  the  south  forms  two  westward-pitching 
troughs.  The  northernmost  of  these  has  the  greatest  ore  deposits  of 
the  Marquette  district,  containing  many  millions  of  tons  of  ore. 

(3)  The  hard-ore  bodies,  mainly  specular  hematite,  but  in  some 
deposits  including  much  magnetite,  occur,  as  has  been  said,  at  tlie  top 
of  the  iron-bearing  formation,  inunediately  below  and  in  the  basal 
members  of  the  Goodrich  quartzite.  (Figs,  i  and  0  of  PI.  LIV.)  As 
typical  examples  of  mines  of  this  class  may  be  mentioned  the  Jackson 
mine,  the  Lake  Superior  Specular,  the  Volunteer,  the  Michigamme, 
the  Riverside,  the  Champion,  the  Republic,  and  the  Barnum.  Also, 
as  interesting  deposits,  giving  the  history  of  the  ore,  may  be  mentioned 
the  Kloman  and  the  Goodrich.  In  all  of  these  deposits  the  associated 
rocks  of  the  iron-bearing  formation  are  jaspilite  or  griinerite-magne- 
tite-schist,  usually  the  former.  These  ore  deposits,  bridging  two 
different  geological  series,  can  not  be  separated  in  description,  for 
frequently  they  weld  together  the  Upper  Marquette  Goodrich  quartz- 
ite formation  and  the  Lower  Marquette  Negaunee  formation.  As  in 
the  cases  of  (1)  and  (2),  all  of  the  large  ore  deposits  belonging  to  this 
third  class  have  at  their  bases  soapstone  or  paint-rock.  (Figs.  4  and 
6  of  PI.  LIV.)  In  those  cases  in  which  the  soapstone  is  within  the 
Negaunee  formation  it  is  a  modified  greenstone  mass,  or  tliis  in  con- 
junction with  a  dike  or  dikes.  Where  the  ore  deposits  are  largelv  or 
mainh'  in  the  Goodrich  quartzite  the  basement  rock  may  again  be  a 
greenstone,  but  also  it  may  be  a  layer  of  sedimentary  slate  belonging 
to  the  Goodrich  quartzite.  These  different  classes  of  rocks  are,  how- 
ever, not  discriminated  by  the  miners,  but  are  lumped  together  as 
soapstone  or  paint-rock.  Also,  as  in  the  cases  of  (1)  and  (2),  wherever 
the  deposits  are  of  any  considerable  size  the  basement  rock  is  folded 
into  the  form  of  a  pitching  trough,  or  else,  by  a  union  of  a  mass  of 
greenstone  with  a  dike,  or  b}'  a  union  of  either  one  of  these  with  a 
sedimentary  slate,  an  impervious  pitching  trough  is  formed.  Perhaps 
the  most  conspicuous  example  of  this  is  at  the  Republic  mine,  but  it  is 
scarceh'  less  evident  in  the  other  large  deposits.  However,  a  few 
small  deposits  of  ore  (chimneys  and  shoots)  occur  at  the  contact  of  the 
Negaunee  and  Ishpeming  formations,  where  no  soapstone  has  been 
found.  As  examples  of  ore  deposits  which  are  largelv  or  wholly  within 
the  Upper  Marquette  may  be  mentioned  the  Volunteer,  Michigamme, 
Champion,  and  Riverside.  These  are  parth'  recomposed  ores,  and  dif- 
fer in  appearance  from  the  specular  hematite  or  magnetite  of  the  Lower 
Marquette  in  having  a  peculiar  gray  color  and  in  containing  small  frag- 
mental  particles  of  quartz  and  complex  fragmental  pieces  of  jasoer, 
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and  frequently,  also,  sericite  and  chlorite  are  discovered  with  the 
microscope. 

In  any  of  these  classes  the  deposits  may  be  cut  into  a  number  of 
bodies  by  a  combination  of  greenstone  dikes  or  masses.  A  deposit 
which  in  one  part  of  the  mine  is  continuous,  in  another  part  of  the 
mine,  by  a  gradually  projecting  mass  of  greenstone  which  passes  into 
a  dike,  may  be  cut  into  two  deposits,  and  each  of  these  may  be  again 
dissevered,  so  that  the  deposit  may  be  cut  up  into  a  number  of  ore 
bodies  separated  by  soapstone  or  paint-rock.  In  some  cases  the  ore 
deposits  have  a  somewhat  regular  form  from  level  to  level,  but  the 
shape  of  the  deposits  at  the  next  lower  level  can  never  be  certainly 
predicted  from  that  of  the  level  above.  Horses  of  "jasper"  may 
appear  along  the  dikes  or  within  an  ore  bodv  at  almost  any  place. 
The  ore  bodies  grade  abov^e  and  at  the  sides  into  the  jasper  in  a  vari- 
able manner.  As  a  result  of  the  combination  of  these  uncertain  fac- 
tors, most  of  the  ore  bodies  have  extraordinarih'  irregular  and  curious 
forms  when  examined  in  detail,  although  in  general  shape  they  con- 
form to  the  above  descriptions. 

While  these  different  classes  of  ore  bodies  have  the  distinctive  fea- 
tures indicated  above,  they  have  important  features  in  common.  They 
are  confined  to  the  iron-bearing  formations.  They  occur  upon  imper- 
vious basements  in  pitching  troughs.  The  impervious  basement  may 
be  a  sedimentary  or  igneous  rock,  or  a  combination  of  the  two. 
Where  the  ore  deposits  are  of  considerable  size  the  plication  and 
brecciation  of  the  chert  and  jasper  are  usual  phenomena.  Frequently 
this  shattering  was  concomitant  with  the  folding  into  troughs  or  with 
the  intrusion  of  the  igneous  rocks.  When  the  passage  of  the  ore 
bodies  into  the  chert  or  jasper  is  examined  in  detail  it  is  found  that  a 
siliceous  band,  if  followed  toward  the  ore,  instead  of  remaining  solid 
becomes  porous  and  fre(iuently  contains  considerable  cavities.  These 
places  in  the  transition  zone  are  lined  with  ore.  In  passing  toward 
the  ore  deposit  more  and  more  of  the  silica  is  found  to  have  l)een 
removed,  and  the  ore  has  replaced  it  to  a  corresponding  degree.  An 
examination  at  many  localities  shows  this  transition  from  the  ])anded 
ore  and  jasper  to  tak(^  place  as  a  consequence  of  the  removal  of  the 
silica  and  the  substitution  of  iron  oxide.  In  such  instances  the  tine- 
grained  part  of  the  ore  is  often  that  of  the  original  rock,  while  the 
coarser  crystalline  material  is  a  secondary  intiltiation.  It  is  not 
infrecjuentiy  the  case,  however,  that  the  ore  deposits  abruptly  ter- 
minate along  joint  cracks  or  fractures. 

Topographic  r(latio)in  ofthem'es.—TW  relations  between  the  topog- 
raphy and  the  ore  deposits  are  as  clear  in  the  Marquette  district  as  in 
the  Penokee-Gogebic  and  Mesabi  districts.  In  general  the  portions 
of  ore  deposits  which  reach  the  surface  are  located  on  the  middle  or 
upper  parts  of  slopes,  although  in  some  instances  the  ore  deposits  are 
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entirely  below  low-lying  areas;  but  in  these  instances  the  impervious 
basement  material  makes  a  surrounding  amphitheater.  Since  Mono- 
graph XXV in  of  the  United  States  Geological  Survey,  on  the  Mar- 
quette district/  is  accompanied  by  an  atlas,  to  which  the  reader  may 
refer,  the  relations  of  the  topography  and  the  deposits  will  be  given 
for  a  number  of  the  larger  mines.  (See  also  PI.  LII  herewith.)  Begin 
ning  at  the  west  end  of  the  district,  the  Michigamme  and  Spurr  mines 
are  on  the  southward  slope  of  a  bluff.  whi<h  rises  to  more  than  1,700 
feet  at  its  highest  points,  and  which  descends  to  the  level  of  Lake 
Michigamme.  at  an  elevation  of  about  1,550  feet.'  The  Champion 
mine  is  located  well  up  on  the  northward  slope  of  a  hill  which  rises  to 
an  elevation  of  1,700  feet  and  descends  to  1,550  feet.  The  Republic 
mine  is  located  near  the  brow  of  a  plateau-like  area,  the  crest  of  which 
rises  to  an  elevation  of  1,700  feet.  The  elevation  of  the  brow  is  about 
1,600  feet.  From  the  shafts  of  the  mine  a  steep  slope  descends  to 
Smith  Bay,  at  an  elevation  of  somewhat  less  than  1,500  feet.''  About 
Ishpemiiig  and  Negaunee  (see  PI.  IjII)  the  surfaces  of  a  majorit}'  of  the 
deposits  are  at  about  the  1,500-foot  level.  The  valleys  to  the  westward 
are  mostly  at  about  the  1,-100-foot  level.  But  the  Jackson  mine  is 
located  on  a  northward  slope  which  descends  into  a  glacial-filled  valley 
only  40  to  OO  feet  below.  About  three  sides  of  the  majority  of  the  ore 
deposits  are  amphitheaters  of  diorite  which  rise  to  altitudes  of  from 
1,600  to  1.700  feet.  Thus  there  are  in  this  district  collecting  areas 
with  impervious  Vjasements  which  converge  abundant  waters  at  the 
places  where  the  iron-ore  deposits  reach  the  surface.*  The  mines  at 
the  base  of  the  iron-bearing  formation  east  of  Negaunee  are  below  the 
l.-tOO-foot  contour  and  the  drainage  line  to  the  southwest  is  only  a  little 
below  the  1,300-foot  level. ^  The  Teal  Lake  mines  are  somewhat  higher 
than  1,-tOO  feet;  but  these  mines  actually  dip  to  the  south,  while  the 
drainage  is  to  the  north  to  Teal  Lake.  This  is  the  only  case  in  the 
district  in  which  the  pitch  of  the  mines  does  not  correspond  with  the 
drainage. 

Dtvdopinmt  of  the  ores. — The  facts  given  in  the  foregoing  pages  in 
reference  to  the  iron-bearing  formation  and  its  origin,  combined  with 
the  peculiar  occurrence  of  the  ores,  indicate  with  certainty  the  main 
features  of  the  development  of  the  ore  deposits. 

While  the  ore  deposits  of  the  Negaunee  formation  have  a  greater 
variety  of  forms  and  relations  than  those  of  the  Penokee  district,**  it  is 
evident  that  the  conditions  governing  their  formation  are  much  the 
same.     In  both  districts  the  material  immediately  underlying  the  ore 

'The  Marquette  iron-bearing  district,  by  C.  R.  Van  Hise  and  W.  S.  Bayley,  with  a  chapter  on  the 
Republic  trough.by  H.  L.Smyth:  Mon.U.S.Geol.  Survey  Vol.  XXVIII,  1897,  pp.  008,  with  atlas  of  39 
plates. 

=  0p.  cit.,  Atlas  sheet  V.  '  Op.  cit.,  Atlas  sheet  VI. 

'Op.  cit.,  Atlas  sheets  XXV,  XXVI, and  XXVIII.  sQp.cit.,  Atlas  sheet  XXXI. 

"The  Penokee  iron-bearing  series  of  Michigan  and  Wisconsin,  by  R.D.Irving  andC.R.Van  Hlse: 
Men.  U.  S.  Geol.  Survey  Vol.  XIX,  1892,  pp.  280-290. 
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is  relatively  impervious  to  water.  In  the  cases  of  tlie  deposits  resting 
upon  soap-rock  this  lack  of  porosity  is  nearly  complete.  Most  of  the 
ore  bodies  are  in  troughs  in  both  districts;  the  ore  bodies  in  both,  in 
longitudinal  section,  have  a  pitch;  in  both  the  many  phases  of  mate- 
rial found  in  the  iron-bearing  formation  are  nearly  the  same;  in  both 
is  found  plenty  of  residual  iron  carlK)nate;  in  both  the  ore  deposits  are 
below  elevations  or  slopes  and  pitch  toward  the  valleys.  It  is  there- 
fore thought  that  the  general  explanation  already  applied  to  the 
Penokee  district  is  applicable,  with  a  few  modifications,  to  the  deposits 
of  the  Maniucttc  district;  although  the  larger  number  of  the  deposits 
of  the  latter  belong  to  an  older  series. 

All  the  facts  bear  toward  the  conclusion  that  the  ore  was  secondarily 
enriched  by  the  action  of  descending  water,  since  the  ore  deposits 
occur  at  places  where  such  waters  are  sure  to  have  been  concentrated. 
The  greenstone  and  its  altered  form,  soapstone,  accommodated  them- 
selves to  folding  without  extensive  fractures,  and,  while  probably 
allowing  more  or  less  water  to  pass  through,  acted  as  practically 
impervious  masses  along  which  water  was  deflected  when  it  came  in 
contact  with  them.  It  is  a  common  opinion  among  miners  that  a  few 
inches  of  soap-rock  is  more  eflective  in  keeping  out  water  than  many 
feet  of  the  iron-bearing  formation.  On  the  other  hand,  the  brittle, 
siliceous  ore-bearing  formation  was  fractured  by  the  folding  to  which 
it  was  subjected,  so  that  where  this  process  was  extreme  water  passes 
through  it  like  a  sieve.  That  the  tilted  bodies  of  greenstone,  or  soap- 
rock,  especially  when  in  pitching  synclines  or  forming  pitching  troughs 
by  the  union  of  dikes  and  masses  of  greenstone,  must  have  converged 
downward-flowing  waters  is  self-evident.  It  is  also  clear  that  the 
weak  contact  plane  between  the  Goodrich  quartzite  and  the  Negaunee 
formation  was  one  of  acconuuodation  and  shattering.  Therefore,  the 
plane  of  unconformity  between  the  Uppn-  Mar(iuette  and  Lower 
Marquette  series  must  have  been  a  great  horizon  for  descending 
waters. 

It  has  been  seen  that  the  whole  of  the  iron-))earing  formation  was 
probably  originally  a  lean,  chert}^  carbonate  of  iron,  with  some 
calcium  and  magnesium,  and  that  from  this  rock  the  ferruginous 
cherts  and  jaspers  developed.  The  general  process  of  concentration 
described  on  pages  326-328  is  therefore  dlrecth'  applicable.  What 
proportion  of  the  original  iron  carbonate  still  remained  in  the  ore- 
bearing  formation  at  the  beginning  of  the  concentration  of  the  ore 
deposits  is  uncertain;  but  since  it  is  still  found  in  places  sheltered 
from  percolating  waters,  such  as  the  deeper  horizons  of  the  iron- 
bearing  formation,  adjacent  to  and  probably  protected  by  greenstone 
masses,  it  is  probable  that  the  quantity  was  great.  A  part  of  the  iron 
oxide  of  the  ore  bodies  already  existed  in  place  before  the  post- 
Hnronian  erosion.     This  is  especially  true  of  the  class  3.  those  at  the 
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top  of  the  formation,  where  weathering  decomposed  the  iron  carbonate 
in  inter-Marquette  time,  producing  ferruginous  slates  and  ferruginous 
cherts,  and  where  detritus  from  these  roclis  was  deposited  at  the  base 
of  the  Upper  Marquette  series.  This  iron  oxide  in  many  cases  is  dis- 
criminated by  its  micaceous  or  specular  character,  caused  by  dynamic 
action  and  deln'dration,  from  that  subsequently  added  b}'  infiltration. 

At  the  time  of  enrichment  the  descending  waters  from  different 
sources,  some  containing  iron  carbonate,  some  containing  ox^'gen, 
were  converged  into  pitching  troughs  or  other  trunk  channels.  The 
union  of  these  currents  precipitated  the  iron  oxide  mainly  as  more  or 
less  hA'drated  hematite:  but  where  the  oxygen  of  the  oxj'gen-bearing 
waters  was  insufficient,  as  magnetite.  The  abundant  waters  in  the 
trunk  channels  also  slowly  dissolved  the  silica,  its  place  being  taken 
by  the  ore.  That  this  interchange  actually  has  occurred  has  already 
been  noted.  (See  p.  370.)  For  the  solution  of  the  silica  the  water 
in  this  district  contained  both  carbon  dioxide  liberated  b}  the  decom- 
position of  the  iron  carbonates  and  alkalies  produced  b}'  the  decompo- 
sition of  the  diaba.ses  when  they  Avere  transformed  into  soap-rock. 

The  descending  waters  continued  their  Avork  along  the  pitching  ore 
bodies  until  they  had  passed  below  low  ground.  Here  ihoy  began 
their  ascent  and  escaped  at  the  valleys.  The  difference  in  elcA'ation  of 
the  entering  and  issuing  Avaters  in  the  Marquette  district  at  the  pres- 
ent time  is  upon  the  average  not  more  than  100  feet,  as  shown  by  the 
figures  given  on  page  380.  However,  it  is  to  be  remembered  that 
the  majoritA'  of  the  valleys  are  now  filled  Avith  thick  deposits  of  drift, 
and  that  the  drainage  lines  in  pre-Glacial  times  may  haA^e  been  on  an 
average  100  feet  lower  than  at  present.  The  crests  of  the  hills  also 
may  haA^e  been  reduced  an  equal  amount.  This  would  give  a  differ- 
ence in  head  betAveen  the  entering  and  issuing  Avaters  of  300  feet, 
which  is  probably  the  maximum  that  can  be  assumed  at  the  present 
time,  although  in  pre-Pleistocene  time  the  relief  was  more  marked 
and  in  pre-Cambrian  time  far  greater. 

Tane  and  depth  of  concentration. — The  final  concentration  of  the 
ores  occurring  at  the  contact  of  the  Upper  Marquette  and  Lower  Mar- 
quette series  must  have  taken  place  later  than  Upper  Marquette  time. 
This  is  shown  bj'  the  fact  that  the  unconformable  formations  are 
Avelded  together  at  many  places  b}^  the  infiltrated  iron  oxide.  The 
relations  of  the  ore  t^odies  within  the  ore-bearing  formation  to  the 
greenstone  masses  and  dikes  giAC  cA'idence  that  the  concentration  of 
this  ore  occurred  subsequently  to  the  intrusion  of  these  rocks.  It  is 
certain  that  some  of  these  igneous  rocks  were  intruded  during  or  later 
than  Upper  Marquette  time,  since  they  cut  across  the  Goodrich  quartz- 
ite.  Others  of  them  appear  to  have  yielded  fragments  to  the  Upper 
Marquette  series,  and  therefore  antedate  these  rocks.  Finally,  if  the 
hypothesis  were  accepted  that  the  ore  bodies  Avere  concentrated  before 
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the  Upper  Marquette  folding-  and  erosion,  their  invariable  positions 
above  the  impervious  formations  would  be  inexplicable.  The  folding 
would  perhaps  have  left  them  as  often  below  as  above  these  forma- 
tions. The  Upper  Cambrian  sandstone  caps  the  eastern  part  of  the 
district  in  places,  and  doubtless  Paleozoic  rocks  once  capped  the  entire 
district.  Taking  all  the  facts  together,  it  is  certain  that  the  final  con- 
centration of  all  the  ores  occurred  later  than  the  folding  and  during 
the  erosion  subsequent  to  Upper  Marquette  time;  it  is  probable  that 
it  had  largel}^  taken  place  before  the  end  of  the  Paleozoic. 

As  given  by  the  managers  and  superintendents,  June,  1000,  the 
lowest  levels  of  some  of  the  more  important  deeper  mines  are  the 
following:  Prince  of  Wales,  510  feet;  Negaunee,  800  feet;  Cleveland 
Hematite,  1,000  feet;  Cambria,  706  feet;  Lillie,  826  feet;  Salisbury, 
800  feet;  Hard  Ore  Mine,  890  feet;  Section  16  (Oliver  INIining  Com- 
pany), 730  feet;  Section  21  (Oliver  Mining  Company),  660  feet;  Lake 
Angeline,  480  feet;  Champion,  1,636  feet;  Republic,  1,1:32  feet;  Ko.  7 
shaft  (Oliver  Mining  Company),  885  feet. 

From  the  foregoing  figures  it  appears  that,  notwithstanding  the  fact 
that  the  ditference  in  the  head  of  the  descending  and  ascending  waters 
is  not  now  great,  the  descending  column  of  water  carrying  oxygen  and 
ore  locally  certainly  penetrated  to  a  depth  greater  than  1,600  feet. 
But  the  difference  in  head  of  the  descending  and  ascending  waters  may 
have  been  greater  at  the  time  these  ore  deposits  were  mainly  formed  than 
at  present.  (See  p.  382.)  However,  making  allowance  for  this,  the 
depth  to  which  the  ores  have  formed  in  the  Marquette  district  is  strong 
evidence  that  descending  water  may  bo  effective  in  the  deposition  of 
ores  to  a  depth  at  least  several  times  as  great  as  the  head  which  drives 
the  entering  waters.  No  clearer  evidence  could  possil)ly  l)e  furnished 
of  the  correctness  of  the  general  theory  of  underground  circulation 
expounded  in  the  first  chapt(>r  of  this  paper,  on  the  deposition  of 
ores. 

MICHIGAMMK    FORMATION'. 

The  fourth  position  at  which  ores  occur  in  the  Marquette  district 
is  in  the  Michigamme  formation  of  the  Upper  Marquette  series. 

At  a  few  localities  in  the  Michigamme  formation  are  found  limon- 
itic  ores.  These  are  associated  with  sideritic  slates,  ferruginous 
cherts,  and  griineritic  slates.  The  country  rock  is  black  carl)onaceous 
and  pyritiferous  slate.  The  ore  deposits  in  this  slate  appear  to  be 
small,  and  they  have  not  been  sutiiciently  developed  to  determine 
precise  relations.  ll()W("\er,  in  all  proba])ility  they  are  derived  from 
sideritic  slate  through  processes  of  concentration  similar  to  tliosc 
which  are  applicable  to  the  ores  of  the  similar  horizon  in  the  Crystal 
Falls  district,  to  be  subseijuently  dcscril)ed.     (See  pp.  3S.-i-3S7.) 
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THE  CRYSTAL  FALLS  IRON-BEARING  DISTRICT,  INCLUDING 
METROPOLITAN,  COMMONWEALTH,  FLORENCE,  AND  IRON 
RIVER     AREAS.' 

PRODU(^TION. 

The  iDi-oduction  ia  the  Crystal  Falls  district,  including  the  Metro- 
politan and  Iron  River  areas  in  ^Michigan  and  the  Commonwealth  and 
Florence  areas  in  Wisconsin,  from  1890  to  1899  inclusive,  was  as  follows: 

I'rixliirtiiiii  1,1  fniKldl  Fallx  ilislrirt  from.  ISnO  lo  i.V.'y.V. 

Long  tons.  Long  tons. 

1890 1 ,  (MS,  74()      1895 409,  927 

1891 766,  257     1896 417,  915 

1892 1,  059,  073      1897 364,  437 

1893 463,  Sol      1S9S 469,  761 

1894 LM7,  512      1899 980,  920 

The  figures  for  lixio  are  iiuluded  in  the  Menominee  figures  for  that 
year. 

The  total  production  of  the  district  from  1882,  the  tirst  vear  of 
shipment,  to  1899,  inclusive,  was  9,9.30,231  long  tons. 

('HAKA(^TEU    OF   THE    ORES. 

The  ore  obtained  from  the  Crystal  Falls  district  is  chiefly  a  soft 
red  hematite,  although  in  places  it  is  hydrated  and  graded  as  brown 
limonite.  The  metallic  iron  of  the  ores,  calculated  from  cargo  analyses 
of  1899,  ranges  from  o-t  to  G3  per  cent,  and  averages  about  59  per  cent. 
The  phosphorus  usualh'  ranges  from  0.049  to  0.7  per  cent,  averaging 
about  0.40.  The  silica  ranges  from  4  to  9  per  cent  and  averages  about 
5.5  per  cent.  The  water  content  varies  from  3  to  9  per  cent  and  aver- 
ages about  7.5  per  cent. 


The  Crystal  Falls  district  includes  the  broad  area  of  Huronian  rocks 
between  latitude  45^  45'  and  4(P  30',  and  longitude  88^  and  89^,  with 
several  eastward-projecting  tongues  between  longitude  87^  30'  and 
SS'-".  It  therefore  comprises  a  broader  area  of  Huronian  rocks  than 
an}^  other  of  the  districts  of  the  Lake  Superior  region.  The  greater 
part  of  the  district  is  in  Michigan  and  the  remainder  is  in  Wisconsin. 
The  chief  towns  of  the  district  are  Florence,  Commonwealth,  Mans- 
field, Crystal  Falls,  Ama.sa,  and  Iron  River. 

'  For  a  full  discussion  of  this  district  see  the  Crystal  Falls  iron-bearing  district  of  Michigan,  by  J. 
Morgan  Clements  and  H.  L.  Smyth;  with  a  chapter  on  the  Sturgeon  River  tongue,  by  W.  S.  Bayley, 
and  an  Introduction,  by  C.  R.  Van  Hise:  Mon.  U.  S.  Geol.  .Survey  Vol.  XXXVI,  1899. 
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SUCCESSION    OF   FORMATIONS. 

The  .succession  of  formations  in  descending  order  is  as  follows: 
Succession  of  formations  in  Crystal  Falls  district. 

Cambrian Lake  Superior  sandstone. 

( Unconformity. ) 

{Michigamme  formation,  containing  an  iron-bearing  hori- 
zon not  separated  in  mapping  for  much  of  the  district, 
but  in  southeastern  part  having  as  lower  formations 
{(i)  the  Groveland  formation  and  {b)  the  Mansfield 
slate. 
(Unconformity. ) 

(Hemlock  formation. 
Negaunee  formation  (in  northeastern  part  of  the  district) . 
Kandville  dolomite. 
Sturgeon  quartzite. 
(Unconformity.) 
Archean Granite. 

Various  gabbros,  dolerites,  and  diorites  are  intrusive  in  the  sedi- 
mentary formations, 

STRUCTURE. 

The  structure  of  the  district  taken  as  a  whole  is  very  complicated 
and  no  attempt  will  be  made  to  summarize  it. 

GROVELAND   FORMATION. 

From  an  economic  point  of  view  the  district  may  be  divided  into 
two  parts,  a  i\orthern  and  a  southern  part.  In  the  northern  part  of  the 
district  both  the  Lower  Huronian  Negaunee  formation  and  the  liasal 
ferruginous  horizon  of  the  Upper  Huronian  occur.  The  iron-bearing 
formation  within  the  Upper  Huronian  may  also  l)e  present,  but  this 
is  not  certain.  However,  in  this  part  of  the  district  no  workable 
ore  bodies  have  been  found.  The  productive  part  of  the  district  is 
confined  to  the  southern  half — that  is,  to  the  area  .south  of  latitude 
40^  15'.  Here  the  only  iron-bearing  formation  known  is  the  (irove- 
land,  belonging  within  the  Upper  Huionian.  This  southern  half  may 
again  be  divided  into  two  areas,  an  eastern  and  a  western,  which  are 
separated  by  a  bi-oad  area  of  Pleistocene  deposits  so  thick  that  the 
underlying  rocks  can  not  be  mapped. 

In  the  eastern  half  of  the  .southern  portion  of  the  district  are  two 
Huronian  troughs,  the  Metropolitan  trough  on  the  .south  and  the  Stur- 
geon River  trough  to  the  north.  The  Metropolitan  trough  is  about 
1  mile  wide.  The  descending  Huronian  succession  is  as  follows: 
Groveland  iron  formation,  Mansfield  slate.  Randville  dolomite,  and 
Sturgeon  quartzite.     The  two  lower  formations  are  certainly  Lower 
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Huronian;  the  upper  formations  were  also  placed  as  Lower  Huronian 
in  the  Crystal  Falls  monograph.  However,  later  work  in  the  Menom- 
inee district  makes  it  probable  that  the  Manstield  slate  is  the  base  of 
the  Upper  Huronian.  and  that  the  Groveland  formation  belongs  in  the 
Upper  Huronian.  This  iron-bearing  formation  is  largely  detrital. 
The  detrital  material  is  supposed  to  have  been  derived  from  a  Lower 
Huronian  iron-bearing  formation,  which  has  been  wholh"  removed  bj^ 
erosion.  The  Sturgeon  River  trough  is  much  wider  than  the  Metro- 
politan trough.  The  Randxille  dolomite  and  the  Sturgeon  quartzite 
are  there  exposed,  but  the  Pleistocene  deposits  hide  all  higher  forma- 
tions. Next  above  the  Kandville  dolomite  an  ore  formation  was 
inferred,  and  recent  exploration  has  shown  that  such  a  formation  actu- 
ally exists.  Whether  this  iron-bearing  formation  is  Negaunee  or 
Groveland  can  not  be  stated  at  the  present  stage  of  the  development 
of  the  trough. 

In  the  western  half  of  the  southern  portion  of  the  Crystal  Falls 
district  the  iron  ores  are  confined  to  the  Upper  Huronian.  They 
occur  at  various  places,  among  which  Florence,  Commonwealth,  Mans- 
tield, Crj'stal  Falls.  Amasa.  and  Iron  River  are  the  more  important. 
The  ores  are  found  in  the  Upper  Huronian  slate,  either  near  or  at  a 
short  distance  above  its  base.  The  abundance  of  the  glacial  drift  has 
prevented  the  ore-bearing  rocks  from  being  traced  as  a  continuous 
formation  in  this  district  as  in  the  Penokee-Gogebic  and  Mesabi  dis- 
tricts, although  they  occur  at  essentially  the  same  horizon.  It  appears 
that  the  ore-bearing  formation  in  this  district  was  somewhat  local- 
ized. The  nearest  approach  to  continuit}'  is  that  furnished  by  the 
row  of  mines  north  of  Crystal  Falls,  running  from  the  Claire  mine, 
in  sec.  19,  to  the  Great  Western  mine,  in  sec.  21,  a  distance  of  about 
2  miles. 

The  Groveland  formation  consists  mainly  of  ferruginous  slates  and 
ferruginous  cherts,  with  some  chert}-  iron  carbonate.  These  largely 
nonclastic  sediments  are,  however,  usually  more  or  less  intermingled 
with  clastic,  and  especiallv  argillaceous  material.  The  slates  immedi- 
ately above  and  below  the  ore-bearing  formation  are  usually  carbon- 
aceous. 

In  the  area  including  Mansfield.  Crystal  Falls,  and  Amasa  the  Upper 
Huronian  slates  rest  upon  Lower  Huronian  greenstones — the  Hem- 
lock formation — so  that  in  this  part  of  the  district  it  is  eas}'  to 
determine  the  base  of  the  upper  series.  For  this  part  of  the  area  the 
Groveland  formation  occurs  within  the  Upper  Huronian  slate  at  a 
short  and  somewhat  variable  distance  from  the  volcanics,  showing  that 
the  iron-bearing  formation  is  a  persistent  horizon.  The  Mansfield  is 
in  a  belt  of  slate  adjacent  to  the  Hemlock  formation.  But  the  rela- 
tion is  especially  well  illustrated  in  the  vicinity  of  Crystal  Falls. 
East  of  Crystal  Falls  the  Hollister,  Armenia,  Lee  Peck,  and  Hope 
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mines  follow  along  the  western  border  of  this  same  greenstone. 
Near  Crystal  Falls  the  various  mines,  including  the  Claire,  Youngs- 
town,  Lamont,  Paint  River,  Lincoln,  Great  Western,  and  Crystal 
Falls,  are  in  a  belt  south  of  another  Hemlock  volcanic  area.  They 
are  probably  therefore  at  the  same  horizon  as  the  mines  east  of  Crj-s- 
tal  Falls,  although  the  folding  is  so  complicated  that  this  is  not  quite 
certain. 

So  far  as  the  structural  relations  of  the  ores  have  been  made  out 
they  indicate  that  thej'  lie  in  pitching  synclinal  basins  bottomed  and 
capped  by  slate.  In  some  places,  as  at  Amasa,  where  the  formations 
strike  approximately  north  and  south  and  dip  steeply  to  the  west, 
minor  cross  rolls  furnish  pitching  troughs  for  the  ore  bodies.  At 
Mansfield,  while  the  structure  is  not  certain,  it  is  probable  that  there 
is  a  narrow,  closely  appressed  synclinal  trough.  However,  this  can 
not  be  demonstrated  until  work  has  gone  deep  enough  to  find  by  what 
rock  the  ore  is  bottomed.  The  Crystal  Falls  area  of  mines  is  located 
in  a  complex  synclinal  basin,  the  anticlines  being  represented  by  the 
Hemlock  volcanics.  The  local  folds  producing  the  mines  in  some  cases 
are  closelv  appressed,  sharph^  pitching  troughs,  as  for  instance  in  the 
case  of  the  Armenia  mine.  In  some  instances  intrusive  dikes  may 
have  helped  to  form  the  pitching  troughs. 

The  iron  ores  at  Commonwealth,  Florence,  and  vicinity  were  the 
first  to  be  discovered  in  this  district.  At  Iron  River  and  vicinity  ore 
has  been  taken  from  various  mines  for  a  number  of  years.  These  ore 
deposits  are  very  irregular  in  form.  All  of  them  lie  in  the  Michi- 
gamme  formation.  In  the  vicinity  of  the  mines  the  only  formations 
aside  from  the  iron-bearing  formation  are  the  Michigamme  and  some 
igneous  rocks.  One  layer  of  the  slate  of  the  Michigamme  formation 
looks  like  another,  so  that  it  is  verj^  diflicult,  if  not  impossible,  to 
say  at  what  horizon  within  the  slate  the  oi-e  bodies  occur.  But  it  is 
exceedingly  probable  that  they  are  at  substantiallv  the  same  horizon 
as  that  in  which  the  mines  of  Crystal  Falls  and  vicinity  are  found. 
The  structures  of  the  deposits  are  uncertain;  but  doubtless  when  close 
investigations  are  made  it  will  be  found  that  these  deposits,  like  the 
other  deposits  in  the  Upper  Huronian  slate,  are  in  synclinal  basins. 

While  the  evidence  is  far  from  complete,  there  are  many  reasons  for 
believing  that  the  ores  of  the  western  area  arc  secondary  concentrates 
produced  by  descending  waters  converged  into  pitching  troughs,  the 
original  source  of  material  being  iron  carbonate. 
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THE   MENOMINEE  IRON-BEARING   DISTRICT.^ 
PRODUCTION. 

The  production  in  the  Menominee  district  from  181*0  to  1809,  inch 
sive,  was  as  follows: 

Production  of  Menominee  dhtrirt  from  1890  to  1899. 


Long  tons. 

1890 1,  225, 446 

1891 1, 089, 867 

1892 1, 343, 122 

1893 1,099,198 

1894 1,  007,  743 


Long  tons. 

1 895 1,  385,  043 

1896 1,  345,  320 

1897 1, 402,  783 

1898 1, 805, 903 

1899 2,  300,  502 


The  figures  fur  the  Menominee  district  for  lOOO,  not  including  the 
Crystal  Falls  district,  are  not  available  at  this  time.  The  figures  for 
the  Menominee  and  Crystal  Falls  districts,  the  latter  probably  but  a 
small  proportion,  are  3, '261, 221  long  tons. 

The  total  production  of  the  Menominee  district  since  1877,  when 
mining  began,  to  1800.  inclusive,  was  20,80!>,l'oO  long  tons. 

CHARACTER   OF   THE   ORES. 

Tht>  iron  ores  of  the  Menominee  district  are  principally  gra}',  finely 
ba!uled  hematite,  and  to  a  subordinate  extent  dense,  flinty  black 
hematites  and  siliceous,  black  and  gray,  banded  hematites.  The  iron 
content,  computed  from  cai'go  analj'ses  during  1899,  varies  from  40.64 
to  04. 405  per  cent,  and  averages  about  56.6  per  cent.  The  phosphorus 
content  varies  from  .009  to  .738  per  cent,  and  averages  about  .083 
per  cent.  The  silica  content  varies  from  2.97  to  39.10  per  cent,  and 
averages  about  7.57  per  cent.  The  water  content  varies  from  2.18 
to  11.20  per  cent,  and  averages  about  7  per  cent. 

LOCATION. 

The  Menominee  district  extends  from  the  Menominee  River  in  a 
direction  about  E.  60"  to  70"  8.  It  crosses  longitude  89°,  and  lies 
between  latitude  45-  45'  and  46°.  The  area  which  has  been  mapped  is 
about  20  miles  long  and  on  an  average  about  6  miles  broad.  The 
Huronian  belt  has  not  been  mapped  farther  to  the  east  because  it  is 
capped  by  the  Cambrian  sandstone.  It  has  not  been  mapped  west  of 
the  Menominee  River  because  of  the  overlying  Pleistocene.  The  dis- 
trict considered  lies  wholly  in  Michigan.  The  more  important  towns 
of  the  area  are  Iron  Mountain,  Quinnesec,  Norway,  Vulcan,  and 
Waucedah. 


rather  full  discussion  of  this  district  see  Geologic  Atlas  U.  S.,  folio  62,  Menominee. 
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SUCCESSION    OF   FORMATIONS. 

[See  Pi.  LV.] 

The  succession  of  formations  in  descending  order  is  as  follows: 

Succession  of  form  at  ions  in  Menominee  district.    ■ 


Silurian  and  Camljrian  ... 
(Unconformity.) 


/Herniansville  limestone. 
iLake  Superior  sandstone. 


IHanbury  slate,   bearing  in  lower  portions  calcareous 
slates,  etc.,  containing  siderite  and  iron  oxide. 
Vulcan  formation,  consisting  in  descending  order  of 
three   members:    (a)  Curry  member  (iron  bearing); 
(h)  Brier  wlate;   (c)  Traders  member  (iron  bearing). 
(IJnconforiiiity.) 

fXegaunee  formation  (in  small  jjatches). 
Lower   Huronian    (Lower  JRandville  dolomite. 
:\Ienominee  series)  Isturgeon  quartzite. 


(Unconformity.) 
Arc'.'.eaii. 


(Granites  and  gneisses. 
iQuinnesec  schist. 

The  dolomites  and  quartzite  of  the  Menominee  district  are  given  the 
same  names  as  are  similar  formations  in  the  Ciystal  Falls  district 
because  the  formations  have  l)een  traced  almost  continuously  from  one 
district  to  the  other. 

STRUCTURE. 

The  Menominee  district,  like  the  Marquette  district,  is  a  complex, 
cross-folded  synclinorium,  (See  PI.  LV.)  The  longitudinal  folding 
is  exceedingly  close,  the  dips  l)eing  ordinarily  from  60'-^  to  !)<) %  and  in 
places  overturned.  The  cross  folding  is  also  very  sharp.  The  Huro- 
nian rocks  lie  between  the  Arclunin  granite  on  the  north  and  the  Archean 
Quinnesec  schists  of  the  Menominee  Kiver  on  the  south.  The  fidl  suc- 
cession of  formations  is  found  in  pa.-<sing  .soutli  from  tlie  north  side  of 
the  trough,  tlie  Archean.  Sturgeon  ([uartzite.  Randville  dolomite, 
Vulcan  formation,  and  Hanbuiy  slates  appearing  in  proper  order. 
However,  farther  to  the  south  the  Randville  dolomite,  the  Vulcan 
formation,  and  tlie  Ilanbury  slates  are  twice  reduplicated.  This  is 
due  to  folds  of  sufficient  magnittide  to  l)ring  the  dolomite  to  the  sur- 
face at  the  anticlines,  but  not  the  lower  formations.  (See  PI.  LV.) 
The  three  belts  of  dolomite  are  known  as  the  northern,  central,  and 
southern.  At  the  south  side  of  the  district  the  Hanbury  slates  are  the 
rocks  which  are  exposed  closest  to  the  Archean  Quinnesec  schists. 
Whether  lower  formations  occur  between  the  two  is  unknown.  If  the 
Hanbury  slates  rest  ui)on  the  schists,  the  relation  is  explained  by  non- 
deposition  of  the  lower  formations  or  by  removal  by  erosion  of  th(> 
Lower  Menominee  series  in  inter-Menominee  time,  or  paitly  l)y  l)oth. 
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On  account  of  the  closeness  of  the  folding  the  dips  are  steep.  In 
consequence,  the  Vulcan  formation  has  a  narrow  outcrop.  The  forma- 
tion where  productive  rests  upon  the  Randville  dolomite  and  plunges 
below  the  Han  bury  slates. 

VULCAN    FORMATION. 

Extent,  position^  thickness,  and  character. — Theonlj'^  productive  iron- 
bearing  formation  of  the  Menominee  district  is  the  Vulcan.  One  belt 
of  this  formation  extends  continuously  from  one  end  of  the  district  to 
the  other.  There  are  several  other  belts  of  the  formation,  none  of 
which  is  known  to  extend  the  entire  length  of  the  district.  The  Vul- 
can formation  is  the  basal  formation  of  the  Upper  Menominee  series, 
and  therefore  rests  upon  the  upper  formation  of  the  Lower  Menom- 
inee series — the  Randville  dolomite.  The  Vulcan  formation  is  com- 
posite. It  consists  of  three  members  in  ascending  order,  as  follows: 
The  Traders  iron-])earing  member,  the  Brier  slate,  and  the  Curry 
iron-bearing  member. 

The  Traders  member,  resting  upon  the  Randville  dolomite,  consists 
in  very  large  part  of  ferruginous  detrital  material  which  is  believed 
to  have  been  derived  from  u  Lower  Huronian  iron-bearing  formation, 
the  equivalent  of  the  Negaunee  formation  of  the  Marquette  district. 
This  detrital  horizon  is  comparable  with  the  detrital  iron-bearing  hori- 
zon at  the  base  of  the  Goodrich  quartzite  in  the  Marquette  district. 
However,  in  the  Menominee  district  the  detritus  is  usually  fine,  while 
in  the  Marquette  district  it  is  usually  coarse.  This  detrital  material 
grades  upward  into  the  Brier  slate,  which  is  a  somewhat  ferruginous 
member,  but  not  ore  bearing.  Overlying  the  Brier  slate  is  the  Curry 
member,  which  is  believed  to  be  largeh'  of  nondetrital  character,  but 
which  contains  some  detrital  iron  oxide.  This  member  is  believed  to 
be  the  equivalent  of  the  Upper  Huronian  iron-bearing  formations  of 
the  Penokee-Gogebic  and  Mesabi  districts.  All  the  members  of  the 
Vulcan  formation  are  not  known  to  occur  at  all  localities. 

The  Randville  dolomite  of  the  Lower  Menominee  is  a  resistant  for- 
mation, and  apparentl}'  had  a  rough  topography  at  the  time  it  was 
encroached  upon  l)y  the  Upper  Memoninee  sea.  It  is  therefore  jiatural 
that  this  sea  should  not  have  overridden  the  dolomite  everj^where  at  the 
same  time.  Consequently,  during  the  time  when  the  lower  horizons 
of  the  iron-bearing  formation  were  being  deposited  in  certain  parts  of 
the  district  other  parts  were  still  land  areas  and  were  not  overlapped 
until  late  in  Vulcan  time.  In  such  areas  only  the  Brier  slate  and  the 
Curry  member,  or  the  latter  alone,  will  be  found.  Not  only  is  this  true, 
but  parts  of  the  Randville  dolomite  were  not  overridden  at  all  during 
Vulcan  time,  and  in  these  areas  the  Hanbury  slate  rests  directly  upon 
the  dolomite. 

The  lithological  varieties  of  rock  found  in  the  district  are  the  same 
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as  those  found  in  the  Marquette  district;  that  is,  they  comprise  cherty 
iron  carbonates,  ferruginous  slates,  ferruginous  cherts,  jaspilites,  ore 
and  jasper  conglomerates,  and  ore  bodies.  The  iron-bearing  carbon- 
ate is,  however,  subordinate,  and  the  detrital  materials  are  relatively 
more  important  than  in  the  iVIarquette  district.  The  ores  are  mainly 
soft  reddish,  somewhat  hydrated  hematite.  Considerable  amounts  of 
material  are  black  and  granular.  Some  specular  ores  are  found,  and 
some  ores  are  slaty  and  conglomeratic. 

It  is  estimated  that  the  average  thickness  of  the  Vulcan  formation 
is  approximateh'  650  feet,  divided  as  follows:  Traders  member,  150 
feet:  Brier  slate,  380  feet;  Curry  member,  170  feet;  i.  e.,  the  two  ore- 
bearing  members  combined  about  equal  in  thickness  the  intervening- 
slates.  However,  the  Traders  member  departs  fconsiderably  from  this 
average,  and  the  total  thickness  of  the  formation  varies  accordingly. 

Structural  relations  of  the  oven. — The  iron  ores  of  the  Menominee 
district  occur  in  two  members,  from  the  base  upward,  as  follows:  (1) 
The  Traders  meml)er  of  the  Vulcan  formation  and  (2)  the  Curr}-  mem- 
ber of  the  Vulcan  formation.  The  iron  ores  ma\'  occur  at  any  horizon 
within  these  members.  However,  other  things  being  equal,  the}'  are 
more  likely'  to  occur  at  lower  and  higher  horizons  than  at  middle  hori- 
zons in  each  of  the  members,  but  a  number  of  the  large  ore  bodies 
extend  entirely  across  the  members  in  which  the\'  occur. 

In  the  Menominee  district,  conforming  to  the  general  rule,  the  iron- 
ore  deposits  of  large  size  occur  on  relatively  impervious  formations, 
which  are  in  such  positions  as  to  constitute  steeply  pitching  troughs. 
Several  troughs  have  pitches  as  steep  as  60-  or  70'-,  and  the  pitches  of 
some  are  nearly  80^.  The  pitching  troughs  are  nearly  parallel  to  the 
strike  of  the  iron-bearing  formations.  A  pitching  trough  may  be 
made  {a)  by  the  dolomite  formation  underlying  the  Traders  member 
of  the  Vulcan  formation,  {)>)  h\  a  slate  constituting  the  lower  part  of 
the  Traders  member,  and  (c)  by  the  Brier  slate  l)etween  the  Traders 
and  Curry  members  of  the  Vulcan  formation.  The  dolomite  forma- 
tion is  especially  likely  to  furnish  an  impervious  basement  where  its 
upper  horizon  has  been  transformed  into  a  talc-schist,  as  a  conseciuence 
of  folding  and  shearing  between  the  formations. 

The  iron  ores  now  being  exploited  are  confined  to  three  geographic 
belts:  (1)  The  more  numerous  and  important  deposits  are  found 
in  the  belt  of  iron-bearing  formation  extending  from  Iron  Mountain  to 
Waucedah,  south  of  the  southern  belt  of  dolomite.  (2)  Iron  ores  arc 
being  or  have  been  worked  north,  south,  and  west  of  the  central  belt 
of  dolomite.  (3)  Iron  ores  are  l)eing  mined  east  of  the  locality  where 
the  northern  and  southern  belts  of  dolomite  unite. 

(1)  It  has  already  l)een  explained  that  the  southern  belt  of  dolomite 
is  an  anticlinorium.  Superimposed  upon  this  major  fold  are  folds  of 
higher  orders.  The  occurrences  of  the  ore  deposits  in  the  Vulcan 
21  GKOL,  I'T  3— i»l 27 
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formation  south  of  this  belt  of  dolomite  are  closely  related  to  the  sub- 
ordinate folds  in  the  dolomite.  The  folds  of  the  second  order  super- 
imposed upon  the  major  folds  are  very  close.  For  the  westeun  part 
of  the  district,  theA'  plunge  steeply  to  the  west.  The  result  of  these 
plications  is  to  produce  a  number  of  westward-pitching  synclinal 
troughs.  The  troughs  ai'e  underlain  by  the  talc-schists,  the  upper 
horizon  of  the  dolomite,  or  by  a  slate  at  or  near  the  base  of  the  Traders 
member.  As  the  result  of  this  folding,  the  surface  outcrop  of  the 
southern  boundary  of  the  dolomite  has  a  notched-liked  distribution, 
pi'oducing  ])ays  in  the  dolomite  (see  PI.  LV).  The  iron-bearing  for- 
mation occupies  the  ])ays  which  open  to  the  west  into  the  main  belt  of 
the  Vulcan  formation,  each  bay  being  surrounded  on  the  north,  south, 
and  east  by  the  dolomite. 

Beginning  at  the  west,  the  first  and  most  important  set  of  folds  of 
the  second  order  arc  those  adjacent  to  Iron  Mountain.  Here  are  two 
important  folds,  superimposed  upon  which  are  folds  of  the  third  order. 
The  western  produces  the  troughs  in  Avhich  the  Chapin,  Millie,  and  Wal- 
pole  mines  are  located.  The  eastern  fold  produces  the  trough  in  which 
the  Pcwabic  mine  is  located.  The  western  trough  is  esi^ecially  compli- 
cated, it  being  really  composed  of  two  minor  troughs  or  rolls  of  the 
third  order,  with  an  intervening  anticline,  and  even  these  folds  liave 
folds  of  a  higher  order  superimposed  upon  them. 

The  next  important  point  to  the  east  of  the  Pewabic  mine,  where  ore 
is  produced,  is  at  Quinnesec.  The  Quinnesec  ore  body  is  probably  in 
a  somewhat  narrow,  closely  appressed  fold. 

Another  verv  important  producing  oi-e  center  is  at  Norwa}^  where 
are  found  the  Norway  and  Aragon  mines.  Here  are  two  important 
folds  in  the  dolomite,  both  opening  out  to  the  west  as  at  Iron  Mountain. 
The  first  gives  the  Norway  mine  and  the  second  the  Aragon  mine. 

The  Aragon  mine  gives,  perhaps,  the  clearest  illustration  of  the 
principle  of  the  formation  of  ore  in  pitching  troughs  on  impervious 
basements  furnished  by  the  district.  (See  figs.  1  and  2,  PI.  LVI.) 
Just  east  of  the  Aragon  mine  is  a  sharp  embayment  in  the  dolomite, 
which  ma}-  be  beautifully  seen  above  ground.  There  is  here  an  amphi- 
theater of  limestone  entireh'  surrounding  the  low  land  occupied  l)v  the 
iron-bearing  formation.  A  short  distance  to  the  west  of  this  embaj-ment 
the  Aragon  body  was  discovered.  Where  first  found  it  was  at  the  top 
of  the  Traders  member  of  the  Vulcan  formation,  just  below  the  l)ottom 
of  the  Brier  slate.  At  this  time  no  one  could  have  predicted  that  this 
ore  body  is  really  related  to  the  impervious  talc-schists  of  the  dolomite 
below.  However,  as  mining  continued  tiie  ore  deposit  graduallv  and 
irregularly  widened,  and  at  the  fifth  level  assumed  definite  relations  to 
the  dolomite.  From  the  fifth  level  downward  this  relation  has  con- 
tinued, the  main  mass  of  the  ore  bodv  ])eing  found  at  the  apex  of  the 
trough,  and  long  arms  of  ore  extending  up  along  both  limbs  of  the 
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(Both  ore  exploited  and  ore  now  in  mine  are  represented  as  ore,  since  the  purpose 
of  thii?  plate  is  to  show  the  manner  of  the  development  of  the  ore  rather  than  the  pres- 
ent stage  of  exploitation.) 

Fid.  1.  Horizontal  section  of  the  Aragon  mine  at  the  eighth  level,  showing  the  rela- 
tions of  the  ore  to  the  talc-schist  horizon  of  the  dolomite,  to  the  ore-bearing  forma- 
tion, and  to  the  Brier  slate.  There  is  here  a  double  fold,  the  main  ore  deposit  being 
at  the  l)ottom  and  along  the  limbs  of  the  north  syncline. 

Scale:  1  inch  equals  250  feet.     Fig.  1,  Menominee  Special  Folio,  No.  62,  1900. 

Fig.  2.  Vertical  east-west  longitudinal  section  of  the  Aragon  mine,  north  fold, 
showing  even  more  clearlj-  than  fig.  1  the  relations  of  the  ore  to  the  talc-schist  and 
Traders  ore-bearing  formation.  The  very  steep  pitch  of  the  ore  deposit  is  notable, 
it  being  represented  In-  the  contact  between  the  talc-schist  and  the  ore-bearing  for- 
mation and  ore. 

Scale:  1  inch  equals  2.50  feet.     Fig.  8,  Menominee  Special  Folio. 
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fold,  but  especially  along  the  main  dolomite  wall  to  the  north.  (See 
PI.  LVI,  fig.  1.)  This  occurrence  is  especially  interesting  siiu-e  the 
ore  deposit  was  found  steadily  to  increase  in  size  as  it  assumed  definite 
relations  to  the  underl3ing  pitching  trough.  At  the  high  levels,  where 
it  did  not  have  a  definite  impervious  basement  furnished  by  the  dolo- 
mite formation,  it  was  comparatively  small.  As  soon  as  it  had  assumed 
at  lower  levels  definite  relations  to  that  trough  it  became  a  large  ore 
bod}',  and  has  continued  to  increase  in  size  to  the  present  depth,  now 
reached  at  the  eighth  level,  where  the  relations  of  the  ore  to  the  pitch- 
ing trough  are  perfectly  illustrated.     (Figs.  1  and  2  of  PI.  LVI.) 

The  next  important  groups  of  mines  along  the  southern  belt  are 
those  adjacent  to  Vulcan,  including  the  Vulcan,  East  Vulcan,  West 
Vulcan,  and  Curry.  Here  important  plication  of  the  dolomite  is 
noted,  and  the  occurrence  of  the  ore  is  somewhat  difi'erent  from  the 
deposits  in  the  vicinity  of  Norway  and  Iron  Mountain.  Ore  has  been 
mined  in  both  the  Traders  and  the  Curry  members  of  the  Vulcan 
formation.  (See  figs.  1  and  2  of  PL  LVII.)  Indeed,  it  is  from  the  Curry 
mine  that  the  term  Curry  member  is  taken.  The  ore  of  the  lower 
horizon  now  being  exploited  occurs  immediately  l)elow  the  Brier 
slate,  at  the  top  of  the  Traders  member.  The  ore  of  the  higher  hori- 
zon occurs  in  the  Curry  member,  between  the  Brier  slate  and  the  Han- 
bury  slate,  extending  from  one  to  the  other. 

East  of  the  East  Vulcan  mine  no  ore  ])odies  have  as  j-et  been  dis- 
covered except  at  Waucedah.  where  a  comparatively  small  deposit  of 
ore  has  been  found. 

(2)  Passing  now  to  the  second  belt  of  the  Vulcan  formation,  that 
adjacent  to  the  central  belt  of  dolomite,  the  only  mines  which  are 
producers  at  present  ai"e  the  Traders  and  Cuff'.  The  Traders  mine  is 
near  the  west  end  of  the  ore-bearing  formation,  which  in  this  vicinity 
constitutes  a  westward-plunging  anticlinorium.  However,  there  is  a 
subordinate  synclinorium  in  the  anticline,  as  a  result  of  which  the 
Hanbury  slate  makes  a  plicated  eastward  reentrant  angle.  It  is  in 
this  westAvard-pitching  synclinorium  that  the  concentration  of  the 
Traders  ore  has  taken  place. 

(3)  The  only  remaining  important  ore-producing  locality  is  tliat 
adjacent  to  Loretto,  where  are  found  the  Loretto  mine  (see  PI.  L\'1I, 
figs.  3  and  4)  and  Applcton  shaft.  The  structui-e  adjai-cnt  to  the 
Loretto  is  that  of  an  eastward-plunging  syncline,  the  dolomite  and 
overlying  Traders  slate  lieiiig  to  th(>  north,  to  the  south,  and  to  the 
west.  In  every  essential  respect  the  structure  is  therefore  the  same 
as  that  where  the  large  ore  bodies  oci-ur  in  the  southern  iron  belt, 
except  that  the  fold  at  the  Loretto  is  not  close.  No  better  illustra- 
tion of  an  ore  Ixuly  in  a  trough  on  an  impervious  basement  could  be 
desired  than  that  furnished  by  the  Loretto  mine. 

Topogrophu:  rdat'ionH  of  the  ortn. — The  majority  of  the  ore  deposits 
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of  the  ^Menominee  district  whore  they  reach  the  surface  are  on  the 
slopes  of  the  elevations,  the  crests  being  usualh*  occupied  by  the  Rand- 
ville  dolomite  or  the  Cambrian  sandstone.  This  is  true  for  all  of  the 
important  mines  of  the  district  with  the  exception  of  the  Chapin,  the 
Aragon,  and  the  Loretto.  However,  each  of  these  deposits  is  so  con- 
nected with  troughs  which  rise  toward  the  higher  grounds  as  to  make 
it  almost  certain  that  they  had  elevated  feeding  areas.  Moreover,  while 
the  Chapin  deposit  Avas  discovered  in  low-h'ing  ground,  a  little  way  to 
the  west  is  the  broad  valley  of  the  Menominee  River,  which  is  still 
lower.  Probably  therefore  there  were  lower  areas  where  the  water 
issued. 

The  crests  of  the  elevations  above  the  Ludington,  Millie,  Walpole, 
and  IVwabic  rise  from  1.500  to  1,000  feet.  The  broad  valley  of  the 
Menominee  to  the  west  has  an  elevation  of  less  than  1.100  feet,  and  this 
valley  is  probably  tilled  to  the  depth  of  100  feet  or  more.  Between 
Ludington  Hill  and  Iron  IVIountain  is  a  subordinate  cross  valle3\  In 
this  valley  is  the  Chapin.  the  surface  of  which  has  an  elevation  of  only 
about  1.150  feet. 

East  of  Iron  Mountain  it  is  notable  that  adjacent  to  each  of  the 
localities  where  important  mines  are  found  there  are  vallcA's  across 
the  south  limestone  range  and  the  Vulcan  formation,  although  these 
valleys  are  now  partly  tilled  with  thick  deposits  of  drift.  East  of  the 
Quinnesec  mine  is  the  low-lying  area  occupied  by  a  cross  stream. 
Kortheast  of  Norway  is  another  transverse  depression.  The  Norway 
mine  is  located  upon  the  hill  to  the  northwest.  The  West  Vulcan 
mine  is  located  upon  Brier  Hill,  to  the  northeast.  The  Aragon  mine 
is  in  the  depression.  East  of  the  F>ast  Vulcan  mine  is  the  valley  of 
the  Sturgeon  River.  The  Bieen  mine  is  on  a  slope  with  a  cross  valley 
immediately  to  the  west.  The  Loretto  mine  pitches  directly  below  the 
valley  of  the  Sturgeon.  Adjacent  to  the  central  range  of  dolomite 
the  most  important  deposit  is  the  Traders.  This  mine  is  on  the  west- 
ward slope  of  a  hill  Avhich  rises  to  an  elevation  of  1,500  feet.  The 
ore  deposit  pitches  toward  the  valley  of  the  Menominee  only  a  short 
distance  to  the  west. 

From  the  foregoing  it  appears  prol)able  that  the  relations  of  the  ore 
depo.sits  to  the  topography  in  the  Menominee  district  are  as  definite 
as  in  the  Penokeo-Gogebic  district;  that  is,  all  the  important  ore 
deposits  were  formed  below  slopes  or  crests. 

DereJopment  of  the  ores. — Comparatively  little  need  be  said  concern- 
ing the  development  of  the  ore  deposits,  since  the  Menominee  district 
is  merely  a  combination  of  the  special  features  which  occur  in  the 
Penokee-Gogebic  and  Marquette  districts.  A  considerable  portion  of 
the  iron-bearing  members  of  the  Vulcan  formation  are  basal  clastic 
deposits,  proliably  derived  from  the  Lower  ^Menominee  Negaunee  for- 


PLATE   LA'II. 


PLATE  LVII. 
OKK  DKrosrrs  of  the  mknominke  distrk^t. 

(Both  ore  exploited  and  on-  now  in  mine  arc  represented  as  ore,  since  the  purpose 
of  this  plate  is  to  show  the  manner  nf  tlie  d('velo])nient  of  the  ore  rather  tlian  the 
present  stage  of  exploitation. ) 

Fk;.  1.  Horizontal  section  of  the  West  Vulcan  mine  at  the  eighth  level,  showing  ore 
at  and  near  the  top  of  the  Traders  ore-l)earing  member  in  contact  with  the  Brier 
slate,  and  ore  between  the  I?rier  slate  and  the  Hanbury  slate. 

Scale:  1  inch  eiiuals  2o0  feet.     Fig.  9,  :Menominee  Special  Folio,  No.  ()2,  1900. 

Fkj.  2.  Vertical  north-south  cross  section  of  the  AVest  Vulcan  mine,  showing  the 
same  relations  as  fig.  1.  Here  the  complexity  of  the  ore  body  below,  the  Brier  slate 
is  shown.  The  two  detached  ore  bodies  as  shown  in  the  horizontal  section  are 
proved  to  l)e  really  connected.  This  l)ody  of  ore  is,  therefore,  essentially  at  the  top 
horizon  of  the  Traders  ore-bearing  member  just  below  the  contact  with  the  Brier 
slate. 

Scale:  1  inch  equals  250  feet.     Fig.  10,  ^Menominee  S])e(;ial  Folio. 

Fi(i.  3.  Horizontal  section  of  the  Loretto  mine  at  the  iirst  level.  The  ore  here 
rests  upon  the  Traders  slate,  which  constitutes  a  wide  trough  pitching  to  the  east. 
As  a  result  of  this  pitch  the  high-grade  ore,  which  reaches  the  rock  surface,  to  the 
east  grades  into  lean  ore  and  passes  below  lean  iron-bearing  formation. 

Scale:  1  inch  equals  250  feet.     Fig.  11,  Menominee  Special  Folio. 

Fk;.  4.  Vertical  east-west  longitudinal  section  of  the  Loretto  mine,  showing  same 
relations  as  fig.  3,  and  also  that  there  is  here  a  cross  fold,  thus  forming  a  l)asin 
between  the  Traders  slate  and  the  Brier  slate,  which  is  largely  filled  with  ore. 

Scale:  1  inch  eciuals  250  feet.     Fig.  13,  Menominee  Special  Folio. 
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matioii.  With  this  material  there  was,  of  course,  much  quartz  mingled. 
However,  there  is  every  reason  to  believe  that  much  iron-bearing  car- 
bonate was  mingled  with  this  f  ragmental  material.  While  the  amount 
of  residual  iron-bearing  carbonate  in  the  Vulcan  formation  is  now 
almost  insignificant,  oolitic  cherts  and  jaspilites,  which  constitute  a 
considerable  portion  of  the  formation,  have  doubtless  been  derived 
from  iron-bearing  carbonate,  precisely  as  in  the  other  districts  of  the 
Lake  Superior  region.  Indeed,  the  processes  of  change  are  shown  to 
some  extent  in  the  few  specimens  where  iron  carbonate  is  found.  The 
amount  of  detrital  ore  material  in  the  Traders  member  is  important 
or  dominant.  The  amount  of  carbonate  in  the  Curry  member  was 
important,  and  possibly  dominant. 

While  the  iron-bearing  carbonate  within  the  Vulcan  formation  was 
somewhat  abundant,  we  are  not  restricted  to  the  Vulcan  formation  for 
a  source  of  iron  for  ores.  Iron-bearing  carbonate  and  other  rocks 
produced  by  its  alteration  exist  in  the  overl^-ing  Hanbury  formation. 
Moreover,  these  materials  are  more  abundant  at  low  horizons  than  at 
high  horizons;  that  is,  are  more  plentiful  adjacent  to  the  Vulcan  for- 
mation. It  is  therefore  probable  that  the  water,  to  some  extent  at  least, 
percolated  through  the  Hanbury  formation  and  made  its  way  below 
into  the  Vulcan  formation  and  carried  with  it  iron  carbonate.  There- 
fore it  can  hardly  be  doubted  that  the  source  of  the  iron  for  the 
enrichment  of  the  ore  deposits  of  the  Menominee  district,  as  in  other 
districts,  was  mainly  a  cherty  iron  carbonate.  This  material  would  be 
converged  into  the  trunk  troughs  for  the  enrichment  of  the  ore  bodies. 
The  ores  therefore  came  from  three  sources:  (1)  original  detrital  iron 
oxide  derived  from  the  Negaunee  formation,  (2)  iron  carbonate  oxidized 
in  .situ,  and  (3)  iron  carbonate  contributed  from  higher  levels  of  the 
Vulcan  formation  or  from  the  overlying  Hanbury  formation. 

The  processes  of  concentration  and  circulation  are  very  similar  to 
those  in  the  Penokee-Ciogebic  and  Marquette  districts.  As  has  been 
seen,  the  pitch  of  the  ore  deposits  is  very  steep,  running  as  high  as 
60^  or  70^;  the  pitch  is  parallel  to  the  range;  the  outcrops  of  the 
formation  are  steep  or  vertical;  the  breadth  of  the  iron-bearing  for- 
mation exposed  is  not  great.  These  facts  show  that  the  movement 
of  the  water  was  mainly  parallel  to  the  range,  and  that  the  water 
must  have  descended  and  ascended  mainly  through  the  broken  iron 
formation.  Moreover,  since  the  ore  deposits  are  below  elevations 
the  waters  descended  at  these  places  and  ascended  in  the  cross  val- 
leys. However,  the  drift  is  so  heavy  in  the  Menominee  di.strict  that 
the  exact  positions  of  the  cross  valleys  are  not  always  certain,  but 
the  great  cross  valley  of  the  Menominee  was  doubtless  the  place 
at  which  the  westward-moving  waters  concentrating  the  Traders, 
Pewabic,    Walpole,    Millie,    Ludington,    and    probably    the    Chapin 
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ascended  and  escaped.  However,  there  is  a  possibility  that  in  the 
subordinate  cross  valle}'  occupied  by  the  Chapin  descending  oxidizing 
waters  met  ascending  carbonate-l)earing  watei's,  and  thus  precipitated 
a  part  of  this  great  deposit.  The  cross  valley  at  Norway  is  the  place 
where  the  waters  descending  from  the  Norway  mine  to  the  west  and 
the  Vulcan  and  Curiy  mines  to  the  east  escaped.  It  is  true  that  in  the 
valley  itself  is  the  Aragon  mine.  This,  however,  has  an  auiphithcater 
of  higher  ground  immediately  to  the  east,  and  there  can  be  little  doubt 
that  before  the  tilling  of  the  ci-oss  valley  there  was  a  lower  point  for 
escape.  Similar  statements  could  1)0  made  in  reference  to  the  other 
mines  of  the  district. 

If  the  above  explanation  be  correct,  the  apparent  position  of  the 
great  Aragon  and  Chapin  deposits  on  low  ground  is  explained  liy 
valley  rilling  in  Cllacial  times,  the  adjacent  pre-Glacial  valleys  having 
probal)ly  been  lower  than  the  present  level  of  the  mines.  If  this 
explanation  be  correct,  these  great  deposits  are  on  the  lower  parts  of 
tlie  slopes;  that  is,  at  the  places  where  descending  waters  have  been 
converged  from  a  wide  variety  of  sources. 

Tune  and  dipth  of  concentration,. — The  l)eginning  of  the  final  con- 
centration of  the  Menominee  ores  must  have  been  after  the  folding 
which  produced  the  troughs  and  after  the  removal  of  the  Ilanburj^  for- 
mation covering  the  Vulcan  formation;  that  is,  in  the  interval  between 
the  Upper  Huronian  and  the  Cambrian.  In  the  Menominee  district  it 
is  certain  that  the  process  of  concentration  was  carried  far  toward 
completion  bi-fore  theendof  Canil)rian  time;  for  considerable  areas  of 
the  Huronian  rocks  and  certain  of  the  ore  bodies  themselves,  as,  for 
instance,  parts  of  the  Pewabic  and  Cyclops  deposits,  are  capped  by  the 
Upper  Cambrian  sandstone,  at  the  base  of  which  are  detrital  ores 
derived  from  the  ore  deposits  below  during  the  Cambrian  transgres- 
sion over  the  area.  Certain  it  is  that  the  entire  Huronian  formations 
were  once  capped  l)y  the  Cambrian  and  Silurian  rocks,  and  while  in 
parts  of  the  district  erosion  has  since  extended  downward  into  the 
iron-bearing  formation,  the  maximum  amount  is  probably  not  so  great 
as  200  or  300  feet.  It  is  therefore  highly  probable  that  the  main  con- 
centration of  the  iron  of  the  deposits  of  the  Menominee  district  took 
place  l)efore  the  end  of  the  Cambrian  period,  although  since  that  time 
there  probabl}'  has  been  additional  enrichment,  mainly  by  the  solution 
of  silica  and  phosphorus,  although  some  iron  oxide  has  doubtless  been 
added. 

In  June,  1900,  the  managers  and  superintendents  gave  the  depths  of 
the  lower  levels  of  some  of  the  more  important  and  deeper  mines  of 
the  district  as  follows:  Chapin,  8-10  feet;  Pewabic,  720  feet;  Aragon, 
850  feet;  Clifford.  IfJO  feet;  Currie,  1,175  feet;  Norway,  900  feet; 
Millie,  000  feet;  Loretto,  -100  feet;  Hamilton,  1,325  feet;  Ludington, 
1,225  feet. 
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THE  VERMILION    IRON-BEARING   DISTRICT. 

By  C.  K.  A'ax  IIise  and  J.  MouciAX  Glemexts. 

Thi.s  section  upon  the  Vermilion  district  is  tin  advance  statement  of 
tlie  economic  results  of  an  elaborate  detailed  survey  of  the  district. 
The  final  report  upon  this  district  will  be  a  monograph  by  the  junior 
author,  with  a  chapter  upon  the  general  geology  b}^  the  senior  author. 
The  map  herewith,  PI.  LVIII,  is  based  on  work  by  J.  Morgan  Clements, 
"\V.  S.  Bayley,  C.  K.  Leith,  and  myself.  In  the  field  work  and  in  the 
preparation  of  the  map  Mr.  ClemQnts  has  taken  the  leading  part.  The 
map  as  here  published  is  provisional  and  generalized;  the  maps  accom- 
panying the  monograph  will  be  of  a  uuich  more  detailed  and  accurate 
character. 

PRODUCTION. 

The  production  of  the  Vermilion  district  from  isnl  to  l!»o(),  inclusive, 
was  as  follows: 

Prodiiclioii  of   \','i;ii:ru,ii  </iylriH  fro,,,  ISUl  n,  I'.tdO. 

Idling  ton>.  Long  tons. 

1891 945,  105  ;  1896 1,  200, 907 

1892 1,226,220     1897 1,381,278 

1893 815,  785      J898 1, 125,  538 

1894 1,  055,  229      1899 1,  643,  984 

1895 1 ,  027, 103      1900 1 ,  655,  820 

The  total  production  of  the  district  from  lS8i,  the  first  year  of  ship- 
ment, to  IHOO,  inclusive,  has  been  1,5,191,180  long  tons. 

CHAHACTKK   OK   THE    OKKS. 

The  iron  ores  of  the  Vermilion  range  are  entirely  hard  blue  and  red 
hematites.  The  ore  is  partly  massi\e  and  partly  brecciated.  The  iron 
content,  comiDuted  f I'om  cargo  analyses  during  1899,  varies  from  60.47 
to  67.37  per  cent,  and  averages  al)out  68.7  per  cent.  The  phosphorus 
content  varies  from  0.04(1  to  0.181  per  cent,  and  averages  about  0.057 
per  cent.  The  silica  content  varies  from  2.55  to  7.67  per  cent,  and 
averages  about  4.7s  per  cent.  The  water  content  varies  from  l.o4  to 
7.956  per  cent,  and  averages  aliout  5.50  per  cent. 

I.O(  ATU)\. 

The  Vermilion  iron -bearing  district  of  Minne.Nuta  occupies  a  l)i'oad 
belt  running  about  N.  70^  E.  from  about  longitude  92-  30' to  longitude 
i»l^.  The  belt  lies  between  latitude  47  45'  and  48-  15'.  The  area 
which  has  been  studied  in  detail  extends  from  Vermilion  Lake  on  the 
west  to  the  international  boundary  on  the  east  in  the  vicinity  of  Gun- 
Hint  Lake  and  Lake  Saganaga.  The  belt  is  about  80  miles  long  and 
varies  in  width  from  4  to  lo  mile.s.  The  district  lies  wholly  in  Min- 
nesota.    The  important  town-  are  Tower,  Soudan    and  Kly. 
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SUCCESSION    OF   FORMATIONS. 

The  succession  of  formations  in  descending  order  is  as  follows: 

Snccesf'toii  of  Junnnttonx  in  VeniiiUon  district. 

Keweenawaii (Treat  ^'ahliro. 

(Unconformity. ) 

Upper  Huronian    (Animikie  1,.  ,        . 

.    >       ^     £      1    ^  ..  l*-  PPf'"  slate  lorniatiou. 

series).     Confined  to  east  h,   '    .   ^,         ^-     ,  ,•        ,       ■       ,  •      s 

1    f  r«t  ■ -t  j<Tuniiint  tormation'  (iron-l)eariiig  formation ). 

( Unconformity. ) 

fintrusives. 


)  Knife  slates. 

I  Lower  Huronian  iron-bearing  formation. 

[Ogishke  conglomerate. 


Lower  lliiroiiian 

Unconformity.) 

(Intrusive  granites,  porphyries,  and  greenstones. 
Soudan  formation  (the  iron-bearing  formation). 
Ely  greenstone,  an  ellipsoidally  parted  basic  igneous 
and  largely  volcanic  rock.- 

STRUCTURE. 

The  Vermilion  district  is  one  of  extraordiuaril}'  complex  folding. 
The  folds  are  so  closely  appressed  ttxit  a  regional  cleavage  is  preva- 
lent except  in  the  very  hard  formations.  Superimposed  upon  the  lon- 
gitudinal folds  are  cross  folds  with  very  steep  pitches,  showing  that 
the  transverse  folding  was  also  severe.    As  a  result  of  the  close  folding 

1  The  Gunflint  formation  of  the  Animikie  is  so  named  from  typical  occurrences  at  Gunflint  Lake  on 
the  international  boundarj-.  The  Knife  slates  are  named  from  Knife  Lake,  where  this  formation  is 
especially  well  developed.  The  Ogishke  conglomerate  ha.s  been  known  for  years  by  this  name,  since 
magnificent  exposures  of  the  formation  occur  at  Ogishke  Muncie  Lake.  The  Soudan  formation  is 
named  from  .Soudan  Hill,  where  the  formation  first  yielded  large  bodies  of  iron  ore  and  where  the 
relations  of  this  formation  to  the  Ely  greenstone  are  especially  well  exhibited.  The  Ely  greenstone 
is  given  this  name  from  the  fact  that  under  and  adjacent  to  the  town  of  Ely  very  large  and  typical 
exposures  cf  the  formation  occur. 

^The  succession  of  formations  above  given  differs  from  that  which  I  supposed  would  be  found  before 
the  Vermilion  district  was  studied  in  detail.  I  had  supposed  that  the  Animikie  series  was  equivalent 
to  the  series  here  placed  in  the  Lower  Huronian.  When  the  relations  were  first  studied  in  the  field 
by  the  members  of  the  United  States  Geological  Survey,  Mr.  Clements  and  Mr.  Leith  thought  that 
the  relations  of  the  two  series  were  those  of  unconformity.  When  I  reached  the  field  later  and  saw 
the  same  facts  I  was  inclined  to  believe  that  the  phenomena  were  more  likely  to  be  explained  by 
overlap.  However,  in  the  season  of  1900,  when  Mr.  Leith  began  studies  upon  the  Me.sabi  district,  he 
showed  that  the  Mesabi  series,  which  is  undoubtedly  the  equivalent  of  the  Animikie  series,  with 
gentle  inclination  rests  unconformably  upon  vertical  slates  and  conglomerates  equivalent  to  the 
Knife  Lake  slates  and  Ogishke  conglomerates.  I  have  therefore  no  doubt  that  the  correct  interpre- 
tation of  the  phenomena  in  the  Vermilion  district  is  that  of  unconformity  between  the  Animikie 
series  and  the  Lower  Huronian  series. 

^Before  closely  studjing  the  Vermilion  district  in  the  field,  supposing  the  two  series  to  be  the  same, 
I  also  thought  it  probable  that  the  iron-bearing  formation  of  the  Vermilion  would  turn  out  to  be 
equivalent  to  the  Lower  Huronian  iron-bearing  formation  of  the  .south  shore  of  Lake  Superior  in  the 
Marquette  district.  But  very  careful  work  by  Messrs.  Clements,  Merriam,  Leith,  and  my.i^elf  has 
failed  to  discover  any  great  structural  break  between  the  Soudan  formation  and  the  great  Ely 
greenstone  formation,  which  is  undoubtedly  Arehean.  Therefore  we  now  recognize  an  iron-bearing 
formation  in  the  Arehean.  Here  as  elsewhere  in  the  Lake  Superior  region,  there  is  great  uncon- 
formity between  the  basal  Arehean  complex  consisting  mainly  of  granites,  gneisses,  greenstone- 
schists,  and  greenstones,  but  containing  subordinate  amounts  of  sediments  and  the  sedimentary 
series  of  the  Lower  Huronian.— 0.  R.  Van  Hise. 
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there  is  an  amazing  irregularity  in  the  distribution  of  the  formations. 
Masses  of  a  newer  formation  from  a  few  feet  across  to  large  areas  are 
distributed  here  and  there  among  the  rocks  of  an  older  formation. 
Furthermore,  the  structure  of  the  district  is  much  complicated  bj' 
intrusives  of  various  ages.  In  connection  with  folding  and  intrusives 
verv  profound  metamorphism  has  occurred.  On  account  of  the 
exceeding  complexity  of  the  folding,  the  presence  of  intrusives,  and 
the  development  of  secondar}^  structures,  the  working  out  of  the 
structure  of  the  district  has  been  a  matter  of  great  difficulty. 

Looked  at  broadly,  the  Vermilion  district  may  be  regarded,  however, 
as  a  great  complex  synclinorium  mainly  bounded  on  the  north  by 
granitic  formations  of  Archeanage  and  on  the  south  ])y  plutonic  igneous 
rocks,  including  granite  of  Huronian  and  gabbro  of  Keweenawan  ages. 

The  table  of  formations  shows  that  in  the  Vermilion  district  there 
are  iron-Vjearing  formations  in  the  Archean,  Lower  Huronian,  and 
Upper  Huronian,  the  same  as  in  the  Marquette  district.  But  the 
Soudan  is  the  only  one  of  these  formations  which  has  produced  ore. 
However,  the  Lower  Huronian  and  Upper  Huronian  iron-bearing  for- 
mations arc  brief!}'  considered  because  they  may  possibly  produce  ores 
in  the  future  and  because  these  formations  are  analogous  in  character 
to  the  formations  in  like  positions  in  the  Marquette  district. 

SOUOAN    FORMATION. 

Extent,  position,  thickness,  and  character. — The  greater  masses  of 
the  Soudan  formation  are  confined  to  three  areas.  These  ma}'  be  called 
the  Tower,  Ely,  and  Huntei's  Island  areas.  In  each  area  there  are 
several  or  man}^  belts  of  the  Soudan  formation.  The  Tower  area 
covers  the  Soudan  formation  of  Tower  and  vicinit}',  including  Lake 
Vermilion  and  the  extension  of  these  belts  eastward  to  within  a  few 
miles  of  Ely.  The  Ely  belts  begin  at  Ely  and  extend  in  a  course  north 
of  east  for  about  8  or  10  miles  to  the  Kawishiwi  River.  The  other 
area  is  on  Hunters  Island  in  Canada.  Here  the  formation  is  extensive. 
Between  these  areas  the  Soudan  formation  is  suljordinate. 

In  each  of  these  areas  a  close  mapping  has  shown  that  tlie  Soudan 
formation  is  a  definite  sedimentary  formation  which  can  be  mapped  the 
same  as  any  other  formation  of  similar  origin.  Associated  with  the 
great  continuous  iron-foi-mation  belts  are  luimerous  subordinate  belts. 
These  detached  belts  vary  from  those  which  are  large  and  extend  some 
distsince  along  the  strike  to  patches  which  are  only  a  few  feet  across 
and  a  few  paces  in  extent.  It  is  probable  that  some  of  the  larger  areas 
represent  parts  of  a  once  continuous  foj-mation  now  separated  from 
one  another  in  consequence  of  folding  and  sul)sequent  erosion.  How- 
ever, some  of  the  smaller  areas  may  be  at  a  somewhat  lower  hoiizon 
than  the  large  ones.  Tlie  relations  of  the  Soudan  formation  to  tlie 
Ely  greenstone  show  that  the  former  is  above  the  latter.  In  many 
•2 1  ( ;  KOL,  IT  3  —  t » I -iS 


404  IRON-ORE    DEPOSITS    OF    LAKE    SUPERIOK    REGION. 

plates  the  Soudan  formation  is  in  83'uclines,  bounded  upon  both  sides 
by  the  older  Ely  greenstone.  In  other  places  it  is  in  belts  l)etween 
the  Ely  greenstone  on  the  one  side  and  the  Ogishke  conglomerate 
of  the  Upper  Vermilion  on  the  other,  showing  in  such  cases  that  it 
is  certainly  a  later  formation  than  the  Eh'  greenstone. 

No  estimate  can  be  made  of  the  thickness  of  the  Soudan  formation. 
In  places  where  there  are  broader  belts  it  must  be  some  hundreds  of 
feet  and  possibly  1,()00  feet  or  more  thick,  and  from  this  thickness  it 
varies  to  0.  This  varial)ility  is  partly  explained  ])y  the  fact  that 
varying  proportions  of  the  upper  parts  of  the  formation  have  been 
removed  1)y  erosion. 

The  rocks  of  the  Soudan  formation  include  cherty  iron  carbonates, 
pyritic  (juartz  rocks,  ferruginous  cherts,  jaspilltes,  and  ore  bodies. 
The  most  abundant  variety  of  material  is  the  jaspilite.  In  places  the 
jaspilites  are  magnetitic  or  actinolitic,  but  these  varieties  of  rock  are 
subordinate.  The  ores  include  hard  specular  hematite  and  reddish, 
somewhat  hydrated  hematite. 

There  is  every  reason  for  believing  that  the  various  forms  of  rocks 
of  the  Soudan  formation  are  derived  from  a  siliceous  iron-bearing 
carbonate,  precisely  as  similar  rocks  are  derived  from  this  material 
in  other  districts  in  the  Lake  Superior  region.  The  analogy  of  the 
Soudan  formation  to  the  Negaunee  formation  of  the  Marquette  district 
is  especially  close.  Substantialh'  ever}'  variety  of  rock  which  is  found 
in  one  district  may  be  found  in  the  other,  but  in  very  different  propor- 
tions. The  transformations  of  the  iron  carl)onatc  into  the  ferruginous 
.slates,  ferruginous  cherts,  and  jaspilites  is  in  every  respect  similar  to 
the  transformation  of  a  similar  rock  into  like  products  in  the  Mar- 
quette district,  even  to  the  two  steps  in  the  development  of  the 
jaspilite.     (See  p.  373.) 

Stimctural  relations  of  tlie  area. — The  ore  of  the  Soudan  formation 
thus  far  found  probabh'  all  occurs  at  a  single  horizon,  viz,  at  and  near 
the  bottom  of  the  formation,  where  it  is  associated  with  the  Ely  green- 
stone. All  of  the  known  iron-ore  deposits  of  the  Vermilion  district 
rest  upon  impervious  basements,  folded  so  as  to  constitute  pitching 
troughs.  Where  the  iron-bearing  formation  is  also  much  broken,  this 
is  further  favorable  to  large  ore  deposits,  precisely  as  in  the  Mar- 
quette and  Menominee  distiicts.  The  impervious  basements  are  usuall}-- 
made  b}'  the  Eh'  greenstone.  This  is  best  illustrated  by  the  ore 
deposits  near  Ely.  The  great  ore  bodies  of  the  Chandler  (PI.  LIX) 
constitute  a  great  eastward-plunging  trough. 

As  shown  by  fig.  2  of  PI.  LIX,  the  ore  reaches  the  surface  at  the 
end  of  the  trough,  and  it  was  here  first  discovered.  However,  as  a 
consequence  of  the  steep  pitch,  the  ore  soon  passes  under  jaspilite. 
Near  the  surface,  on  both  sides  of  the  trough,  as  shown  by  fig.  1  of  PI. 


PLATE   LIX. 
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ORE    DKPOSITS   OF    THE    VERMILION    DISTRICT. 

(Both  ore  exploited  and  ore  now  in  mine  are  represented  as  ore,  since  the  purpose 
of  this  plate  is  to  show  the  manner  of  the  development  of  the  ore  rather  than  the 
present  stage  of  exploitation.) 

Fig.  1.  Vertical  north-south  cross  section  of  Chandler  mine,  showing  relations  of 
the  ore  deposit  to  the  soap-rock,  Ely  greenstone,  and  ore-bearing  formation.  The 
iron  ore  is  in  a  broad  U-shaped  trough,  bottomed  by  soapstone  or  paint-rock  which 
grades  down  into  greenstone.  It  is  capped  by  the  ore-formation  material.  At  the 
place  where  the  cross  section  is  made  the  ore  does  not  extend  to  the  surface  along 
either  liuib.  Therefore,  at  the  particular  place  where  this  cross  section  exists, 
although  there  is  a  very  large  ore  deposit  below  the  surface,  at  the  surface  the  only 
rocks  which  are  found  are  the  greenstone,  soapstone,  and  iron-bearing  formation. 

Scale:  1  inch  equals  250  feet. 

Fig.  2.  Vertical  longitudinal  east-west  section  of  Chandler  mine,  showing  the  same 
relations  as  fig.  1.  The  figure  very  well  illustrates  how  the  ore  body  increases  in  size 
from  the  surface.  Where  the  ore  reaches  the  drift  its  area  is  small;  and  this  great 
ore  deposit,  which  extends  eastward  where  it  constitutes  the  Pioneer  mine,  is  below 
a  heavy  capping  of  the  ore-bearing  formation. 

Scale:  1  inch  equals  250  feet. 
40t) 


S.    GEOLOGICAL  SURV 


TWENTY-FIRST  ANNUAL  REPORT 


ORE   DEPOSITS  OF  THE  VERMILION    DISTRICT 


VAN  HisK.]  VERMILION    DISTRICT.  407 

LIX,  the  jasper  abuts  against  the  greenstone,  so  that  at  the  Chandler  the 
main  body  of  the  deposit  is  below  a  jasper  capping.  The  Chandler 
ore  mass  continues  eastward  and  constitutes  the  Pioneer  mine.  East 
of  the  Pioneer,  along  this  same  belt  of  ore-bearing  formation,  are  the 
Zenith  and  Savoy  mines;  but  at  the  present  time  we  do  not  know 
whether  or  not  development  has  gone  far  enough  to  determine  the 
pitch  of  these  deposits  and  their  relations  to  the  deposits  of  the 
Pioneer  and  Chandler. 

The  ore  of  Soudan  Hill,  in  the  case  of  both  the  north  and  the  south 
bodies,  is  apparently  in  pitching  synclines.  The  impervious  basements 
are  mainly  the  Ely  greenstone.  Associated  with  this  greenstone  are 
various  intrusive  rocks,  among  which  are  porphyry,  and  these  may 
help  to  form  the  basements.  In  some  respects  the  Vermilion  district 
thus  furnishes  as  good  illustrations  as  are  found  in  the  Lake  Superior 
region  of  ore  deposits  upon  impervious  basements  in  pitching  troughs. 

TojjograpJuc  relations  of  the  ores. — The  large  ore  deposits  of  the 
Vermilion  district  are  located  below  crests  or  slopes,  as  in  the  districts 
previously  described.  This  is  conspicuously  the  case  with  the  great 
deposits  of  Soudan  Hill.  The  crest  of  this  hill  has  an  elevation  of 
1,6()0  feet.  This  is  about  150  feet  above  a  cross  valley  to  the  east 
between  Soudan  Hill  and  Jasper  Peak.  The  Chandler  and  Pioneer  ore 
deposits  are  below  comparatively  low-lying  ground,  the  upper  part  of 
the  deposits  being  at  about  the  1,400-foot  contour.  This  is  surrounded 
on  the  north,  west,  and  south  by  an  amphitheater  of  high  ground 
composed  of  the  Ely  greenstone,  the  higher  points  of  which  rise  to 
an  elevation  of  1,500  feet.  Farther  to  the  east  is  a  cross  valley  which 
is  somewhat  less  than  1,400  feet  high.  To  what  extent  the  ci-oss  valley 
is  filled  is  unknown,  but  the  drift  covering  is  tolerably  thick.  The 
pitch  of  the  ore  deposits  is  parallel  to  the  range,  the  same  as  in  the 
Menominee,  Marquette,  and  Penokee-Gogebic  districts. 

The  analogy  between  the  ore  deposits  of  the  Vermilion  district  and 
the  great  ore  deposits  at  the  base  of  the  Negaunee  formation  of  the 
Manjuette  district,  which  are  bottomed  by  the  Siamo  slate,  is  very 
close  indeed,  Tlic  chief  difi'erence  is  that  the  Ely  greenstone  was  an 
extrusive  volcanic  upon  which  the  iron-bearing  rocks  were  laid  down, 
while  in  the  Maniuette  district  the  basal  rocks  are  sedimentary.  This, 
however,  is  of  no  consequence  so  fai-  as  the  development  of  the  ores  is 
concerned. 

Development  of  the  ores. — From  the  foregoing  description  it  is  per- 
fectly clear,  if  the  argument  concerning  the  genesis  of  the  ores  of  the 
Marquette  district  be  correct,  that  the  same  conclusions  are  applicable 
to  the  Vermilion  district.  Without  again  going  over  the  details,  it 
may  be  concluded  that  the  ore  deposits  of  the  Vermilion  district  were 
produced  from  original  cherty  iron  carl)<)nate.  The  iron-bearing  car- 
bonate was  partly  oxidized  in  situ.  tl)us  producing  some  of  the  iron 
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oxide.  Another  and  probably  larger  portion  of  the  iron  carbonate 
was?  contributed  by  descending  waters,  and  iron  oxide  was  precipitated 
in  the  troughs  by  oxygen-bearing  solutions.  Furthermore,  the  silica 
was  abstracted  precisel}-  as  in  the  Marquette  district. 

Thnc  and  depth  of  concent  rat  ton. — The  tinaland  chief  concentration 
of  the  Venuilion  deposits  must  have  occurred  subsequent  to  the  pro- 
found folding  and  the  removal  of  the  Lower  Huronian  deposits  which 
exposed  the  iron-bearing  formation,  although  some  concentration  ma}^ 
have  taken  place  between  Archean  and  Huronian  time.  No  criteria 
are  available  to  place  a  limit  to  the  close  of  the  process.  As  to  the  depth 
to  which  the  concentration  has  extended,  precisel}^  the  same  principles 
applj'  as  in  the  Marquette  district.  In  June,  1000,  the  lowest  level  at 
Soudan  Hill  was  at  a  depth  of  850  feet;  at  the  Chandler  mine,  at  a 
depth  of  700  feet;  at  the  Pioneer  mine,  at  a  depth  of  85(5  feet;  at  the 
Zenith  mine,  at  a  depth  of  770  feet;  and  at  the  Savoy  mine,  at  a  depth 
of  530  feet. 

I-OWKU    IRKOMAN    TUON-BEAKINO    FOUMATION. 

The  Lower  Huronian  iron-bearing  formation  occurs  mainly  in  the 
eastern  part  of  the  district  on  Hunters  Island  in  Canada.  In  this  area 
the  formation  is  definite,  continuous,  and  persistent;  but  it  thins  to 
the  southwest  and  disappears  altogether  before  the  central  part  of  the 
district  is  reached. 

As  ascertained  by  the  junior  author,  the  formation  is  in  two  belts 
on  opposite  sides  of  a  sjMicline,  overlain  by  Knife  slates,  and  under- 
lain by  the  slates  and  conglomerates  of  the  Ogishke  formation. 

The  main  belts  of  the  foi-mation  are  along  the  shores  of  a  row  of 
linear  lakes  known  as  That  Mans  Lake,  This  Mans  Lake,  No  Mans 
Lake,  and  The  Other  Mans  Lake.  The  iron  formation  is  not  very 
thick,  A'arving  from  less  than  100  feet  to  possibly  a  maximum  of  200 
to  300  feet.' 

The  more  important  rocks  of  the  formation  are  iron-bearing  carbon- 
ate, ferruginous  slate,  ferruginous  chert,  and  jaspilite.  No  ore  bodies 
have  as  yet  been  found  in  this  formation.  The  southwestern  part  of 
the  belt  is  underlain  by  a  ferruginous  and  dolomitic  rock  which 
extends  farther  to  the  southwest  than  the  iron-bearing  formation. 

GUNFLINT   FORMATION. 

The  Gunflint  formation  (iron-bearing)  is  confined  to  the  northeastern 
part  of  the  district.  It  lies  between  the  Vermilion  series  and  Lower 
Huronian  on  the  north  and  the  Keweenawan  series  on  the  south.  It 
extends  from  Gunflint  Lake  south  of  west  continuously  to  Fay  Lake. 
Still  farther  to  the  southwest  patches  of  the  formation  are  found  at 

1  These  belts  were  traced  out  by  the  junior  author  during  the  season  of  1899. 
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Gobboiiiiehigama  and  Disappointment  lakes.  At  the  eastern  end  of 
the  Vermilion  district  adjacent  to  Gunflint  Lake  this  belt  is  com- 
posed of  cai'bonated  slates,  ferruginous  slates,  and  jaspilites:  but 
when  it  is  traced  to  the  southwest  it  gradually  changes  to  a  coarse 
amphibolitic  and  magnetitic  quartz  rock,  and  even  to  a  banded  rock 
containing  pyroxene  and  chrysolite. 

Where  this  rock  occurs  it  is  immediately  adjacent  to  the  great 
Keweenawan  basal  gabbro.  The  various  rocks  of  Gunflint  Lake  grade 
into  the  peculiar  coarse  rock  just  mentioned,  and  the  change  takes 
place  just  in  proportion  as  the  formation  nears  the  gabbro,  and  is  com- 
plete where  the  gabbro  is  in  contact  with  the  iron-bearing  formation. 

This  gradation  and  the  metamorphism  resulting  from  the  intrusion 
of  the  gabbro  have  been  described  by  Grant.* 

The  amphibolitic  and  magnetitic  varieties  of  the  formation  have  been 
prospected,  especially  at  Akele}^  Lake  and  vicinit}",  but  no  rich  ore 
bodies  have  as  yet  been  found.  Indeed,  in  all  places  iu  the  Lake 
Superior  region  where  the  iron-bearing  formation  has  suffered  this 
peculiar,  deep-seated  metamorphism,  in  connection  with  the  great  gab- 
bi"o  intrusion,  concentration  has  not  taken  place  so  as  to  produce  high- 
grade  ore  bodies,  or  at  least  no  such  ore  bodies  have  as  yet  been 
discovered. 


In  this  paper  it  is  not  mv  purpose  to  consider  the  iron-bearing  dis- 
tricts of  the  Lake  Superior  region  which  are  not  producing  and  have 
not  produced  iron  ore.  Consequently  I  have  not  mentioned  various 
areas  on  the  United  States  side  of  the  boundary',  some  of  which  are 
known  to  contain  iron-bearing  formations,  and  yet  have  not  produced 
iron  ore;  for  instance,  the  Iluronian  of  the  Baraboo  and  the  Black 
River  Falls  districts,  both  in  Wisconsin.  If  the  plan  were  strictly 
followed,  and  the  districts  only  were  mentioned  which  have  produced 
iron  ore,  except  for  the  Michipicoten  district,  no  mention  would  be 
made  of  Canada,  sin(;e  up  to  the  present  time  ores  have  been  exploited 
at  only  a  single  mine  in  the  Lake  Superior  region  north  of  the  inter- 
national boundary.  However,  this  would  be  hardly  fair,  since  in  the 
Lake  Superior  r(>gion  of  Canada  the  iron-bearing  i-ocks  are  known 
to  have  great  development.  (See  PI.  XLVIII.)  In  these  rocks 
at  various  plac-es  are  extensive  belts  of  iron-bearing  formations.  In 
some  of  them,  also,  iron  ores  actually  outcrop,  as  for  instance  in  the 
Atikokan  range. 

The  Upper  Iluronian  and  Archean  iron-bearing  series  exist,  and 
possibly  the  Lower  I  luronian  iron-l)earing  fonimtion.  Moreover,  some 
of  these  series  are  a  direct  extension  of  the  series  which  have  been 


•Geology  of  Minnesotii.  Vol.  IV.  1S99,  pp. ■I.'W, 476-177.      Hull. Ocol. Sop.  Am..  Vol.  XI.  l'.K)0,pp..')Ofv-,'iO<. 
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productivo  on  the  United  Stjites  side  of  the  boundary.  Undoubtedly 
eciuivalcnt  with  the  Upper  Huronian  Mesa])i  iron-bearing  series  (PI. 
XLVIII)  is  the  Aniinikic  series  of  Thunder  Bay  (PI.  XLVIII),  which 
extends  from  (nintlint  LalvC  on  the  international  boundary  east  beyond 
Port  Arthur  on  Lake  Superior. 

The  Vermilion  iron-bearing  series  has  been  traced  b}'  us  to  Hun- 
ters Island.  Thence  these  rocks  have  been  mapped  by  the  Canadian 
survey  as  extending  lirst  in  a  northeasterly  and  then  in  an  easterly 
direction  to  the  Kaministiquia  River,  and  thence  eastward  to  the 
Keweenawan  rocks  west  of  Lake  Nipigon.  Another  great  belt  of 
iron-l)earing  rocks  with  various  ramifications  has  been  traced  by  the 
Canadian  survey  from  lijiiny  Lake  eastward  to  the  Canadian  Pacific 
Railway  and  to  Lac  des  Mille  Lacs.  (PI.  XLVIIL)  In  this  belt 
occurs  the  so-called  Atikokan  range,  in  which  large  deposits  of  iron 
ore  are  said  to  outciop. 

East  and  north  of  the  east  half  of  Lake  Superior  various  areas  of 
iron-bearing  rocks  are  also  found.  One  or  more  belts  are  said  to 
extend  east  from  Lake  Nipigon.  A  l)elt  is  found  adjacent  to  the 
Black  and  I'ic  rivers.  Several  belts  of  iron-bearing  formation  have 
been  found  in  the  Michipicoten  district. 

At  the  present  time  the  onh'  one  of  these  districts  which  is  an  ore 
producer  is  the  Michipicoten.  While  this  district  has  not  l)een  con- 
nected areally  and  structural!}-  with  any  other  area  in  the  Lake  Supe- 
rior region,  the  likeness  in  the  character  of  its  rocks  and  its  succession 
to  the  Vermilion  district  leaves  little  doubt  in  my  mind  that  the  two 
districts  are  in  most  essential  points  parallel.  In  the  Michipicoten 
district  the  ])asement  rock  is  a  greenstone,  showing  the  ellipsoidal 
structure  on  the  great  .scale  .so  characteristic  of  the  Ely  greenstone  of 
the  Vermilion  district.  Also  with  this  greenstone  are  various  other 
mashed  igneous  rocks,  including  porphyries.  The  iron-bearing  for- 
mation in  many  essential  respects  resem})les  that  of  the  Vermilion 
district.  It  contains  substantially  all  the  varieties  of  material  in  the 
iron  formation  of  the  Vermilion  district,  and  in  addition  great  quanti- 
ties of  py  ritic  cpiartz  rock.  On  the  blutf  back  of  the  Helen  mine  and  at 
many  other  places  iron  carbonate  is  abundant.  Near  the  Helen  mine 
^Ir.  Merriam  reports  this  carbonate  as  containing  19  to  37  per  cent  of 
metallic  iron.  These  aljundant  cherty  carbonates  leave  little  doubt 
that  the  ferruginous  cherts,  ferruginous  slates,  jaspers,  and  iron  ores 
have  mainly  developed  from  a  carbonate  as  the  original  rock,  precisely 
as  in  the  various  districts  south  of  Lake  Superior.  However,  it  is 
clear  that  the  pj^rite  of  the  carbonates  and  the  pyritic  quartz  rocks 
have  also  made  contributions.  At  the  present  time  the  iron  forma- 
tion has  been  developed  only  at  the  Helen  mine.  Here  a  good  l)ody 
of  high-grade   hematite  has  been  shown   by  stripping  to  extend  in 
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considerable  areas  to  the  rock  surface.^  In  1900,  the  first  yciir  of 
shipment,  62,000  tons  were  shipped. 

Whether  or  not  the  Michipicoten  district  will  be  a  great  producer 
in  the  future  can  not  be  told,  of  course,  in  advance  of  development. 

A  further  analogy  between  the  Vermilion  and  Michipicoten  districts 
is  furnished  by  an  upper  series  in  the  latter  district  consisting  of 
mashed  conglomerates  and  slates,  the  former  bearing  very  numerous 
fragments  of  the  lower  series,  including  the  iron-bearing  formation, 
precisely  as  in  the  Vermilion  district.  This  clastic  formation  has  a 
slaty  structure  and  is  in  vertical  attitude,  and  is  almost  identical  with 
the  Ogishke  conglomerate  and  Knife  formations  of  the  Vermilion 
district. 

As  yet  the  various  districts  which  may  bear  merchantable  iron  ore 
in  quantity  have  been  outlined  only  in  the  most  general  way  by  the 
Canadian  survey,  but  the  reconnaissance  reports  descriptive  of  them 
show  that  both  Archean  and  Lower  Huronian  rocks  occur,  and  that  at 
least  the  Archean  iron-bearing  formation  exists. 

The  Canadian  survey  has  not  attempted  to  separate  the  iron-bearing 
formations  from  the  associated  rocks.  Such  work  is  necessarilj^  slow 
and  expensive,  and  the  vastness  of  the  region  of  Canada  where  prelimi- 
nary work  was  necessary  has  been  a  sufficient  cause  for  not  taking 
up  this  work.  Doubtless  in  the  future  the  iron-bearing  formations 
will  be  separately  mapped.  When  this  is  done  it  will  undoubtedly 
be  very  helpful  to  the  development  of  the  iron-ore  resources  of  this 
region. 

With  one  possible  qualitication,  so  far  as  one  can  see  there  is  no 
known  geological  cause  why  iron  ores  should  not  extensiveh'  exist 
on  the  Canadian  side  of  Lake  Superior.  This  qualification  is  due  to 
glacial  erosion.  In  this  paper  it  has  plainly  appeared  that  the  iron- 
ore  deposits  are  products  of  the  surticial  belt  and  that  they  were 
formed  mainl}^  in  pre-Glacial  time.  It  has  also  been  seen  (pp.  331—33(5) 
that  glacial  erosion,  which  removed  a  considerable  portion  of  the  belt 
of  weathering,  certainly  carried  away  large  quantities  of  the  iron  ore, 
which  have  not  been  appreciabh'  replaced  by  the  processes  of  concen- 
tration since  Glacial  time.  The  United  States  side  of  the  boundary 
is  a  region  of  moderately  vigorous  glacial  erosion  and  very  marked 
glacial  deposition.  The  region  on  the  Canadian  side  of  the  boundary 
north  of  Lake  Superior  is  one  of  very  vigorous  glacial  erosion  and 
comparatively  small  glacial  deposition.  As  a  consequence  the  rocks 
are  much  better  exposed  on  the  Canadian  side  than  on  the  United 
States  side  of  Lake  Superior.  It  is  a  moot  question  as  to  whether 
or  not  the  Continental  glaciers  deeply  eroded  the  nondisintegrated 
rocks.     It  is  agreed  on  all  hands  that  the  larger  part  of  the  disin- 

1  Michipicoten  iron  range,  by  A.  I'.  Coleman  and  A.  B.Willmott:  Kept,  of  the  Burcan  of  Mines. 
Ontario,  Vol.  VIII,  2d  part,  1899,  pp.  254-268. 
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tegrated  material  was  swept  awa}'.  But  this  is  as  true  soutli  as  it  is 
north  of  Lake  Superior.  However,  it  can  not  be  doubted  that  the 
glacial  erosion  was  more  vigorous  north  of  Lake  Superior  than  to  the 
south.  In  so  far  as  the  glacial  ei-osion  was  more  vigorous,  just  to  that 
extent  more  iron  ore  was  lost  north  than  south  of  the  lake,  and  the 
conditions  are  to  that  extent  less  favorable  for  the  existence  of  numer- 
ous large  ore  deposits.  The  weight  which  must  be  given  to  this  qualifi- 
cation can  only  be  ascertained  after  extended  exploration  and  exploita- 
tion. Certainly  it  appears  that  the  rocks  in  the  Animikie  area  (PI. 
XL^'III),  between  Gunflint  Lake  and  Port  Arthur,  contain  more  of 
the  original  iron-bearing  carbonate  and  show  less  of  the  residual 
material  of  the  belt  of  weathering,  viz,  ferruginous  slate,  ferruginous 
chert,  and  ore  bodies,  than  the  Mesabi  i-ange  (PI.  XLVIII),  its  con- 
tinuation to  the  southwest.  If  the  Animikie  rocks  were  once  as  deeply 
altered  and  contained  large  ore  bodies,  these  appear  to  have  been 
largely-  swept  awa}',  thus  exposing  the  little  altered  rocks.  If  in  the 
Mesabi  district  glacial  erosion  had  cut  150  feet  deeper  than  it  did,  the 
lai'ger  portion  of  the  ore  deposits  would  have  been  lost.  Moreover,  the 
Gunflint  formation  of  the  Animikie  district  is  not  nearly  so  thick  as 
the  Biwabik  formation  of  the  Mesabi  district.  It  may,  therefore,  be 
doubted  whether  the  Animikie  district  will  ever  be  so  productive  in 
iron  ore  as  the  Mesabi  district.  Whether  a  similar  comparison  should 
be  made  between  other  equivalent  districts  on  opposite  sides  of  the 
international  boundar}-  is  uncertain.  This  matter  is  one,  however, 
whiih  should  be  considered  by  those  who  take  up  the  development  of 
the  districts  north  of  Lake  Superior. 

^^'hile,  therefore,  it  ma}"^  be  possible  that  on  account  of  glacial  erosion 
the  product  of  high-grade  ore  in  Canada  may  be  less  than  in  the  dis- 
tricts of  similar  size  and  geological  position  on  the  United  States  side 
of  the  boundary,  it  can  not  be  doubted  that  in  the  future  important 
quantities  of  iron  ore  will  be  exploited  in  the  Canadian  Lake  Superior 
region.  Doubtless  also  this  exploitation  would  have  begun  many 
years  ago  were  it  not  for  the  dutv  which  ores  mined  in  Canada  must 
pay  when  entering  the  United  States. 


C  H  A  P  T  E  R    III. 

CO]MPAIlISOX  AXD  8UM1M,VRY. 

Now  that  the  six  iron-bearing  districts  of  the  Lake  Superior  region 
south  of  the  international  boundar}'  have  been  separately  considered, 
it  is  possible  to  compare  them  and  see  in  what  respects  they  are  alike 
and  unlike. 

THE  IRON-BEARING  FORMATIONS. 

There  are  in  the  Lake  Superior  region  three  iron-bearing  series 
which  contain  productive  formations:  (1)  The  Archean,  {2)  the 
Lower  Huronian,  and  (3)  the  Upper  Huronian.  In  the  latter  series 
iron  ores  occur  at  two  horizons — the  basal  horizon  of  the  series  where 
in  contact  with  the  Lower  Huronian  iron-bearing  formation,  and  an 
iron-bearing  formation  within  the  series. 

It  is  interesting  to  compare  the  iron-bearing  formations  of  the  differ- 
ent districts  in  reference  to  their  geographical  relations.  In  this  com- 
parison I  shall  l)egin  at  the  most  northeasterly  district  and  pass  to  the 
south  to  the  Crystal  Falls  and  Menominee  districts,  thence  west  to 
the  Penokee-Gogebic  district,  thence  northwest  to  the  Mesabi  district, 
thence  north  to  the  Vermilion  district.     (See  PI.  XLVIII.) 

The  Marquette  district  may  well  be  considered  the  key  district  of 
the  region,  since  it  is  the  only  district  in  the  Lake  Superior  region 
in  which  all  of  the  iron-bearing  horizons  are  found.  While  the 
Archean  iron-bearing  formation  is  known,  it  is  not  productive.  The 
chief  ore  bodies  are  within  the  Lower  Huronian  Negaunee  formation. 
Important  ore  bodies  do  occur  at  the  basal  horizon  of  the  Upper 
Huronian  and  subordinate  (juantities  of  ore  are  found  at  the  iron- 
V)earing  formation  within  the  Upper  Huronian. 

Passing  now  to  the  Crystal  Falls  district  to  the  south,  all  of  the 
Huronian  iron-bearing  formations  are  found.  However,  the  two 
lower  of  these  iron  formations  are  confined  to  the  northern  half  of 
the  district,  and  as  yet  ore  bodies  have  not  been  discovered  in  them. 
In  the  southern  half  of  the  Crystal  Falls  district  the  iron  ores  all  occur 
at  the  topmost  on^-bearing  horizon;  that  is,  that  within  the  Upper 
Huronian  slate. 

In  the  Menominee  district,  only  remnants  of  the  Lower  Huronian 
Negaunee  formation  remain,  and  they  bear  no  ore  bodies.  There  is, 
however,  in  this  district,  the  basal  ore-bearing  hoiizon  of  the  Upper 
Huronian;  ard  this  horizon  in  this  district  is  the  most  imjjortant  ore 
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producer.  Also  tho  horizon  within  th(>  Upper  Huronian,  important 
in  the  Crystal  Falls  district,  is  found  within  the  jMenomineo  and  is 
important. 

Looked  at  in  a  Inroad  way  the  three  districts — the  Marquette,  the 
Crystal  Falls,  and  the  Menominee — might  l)e  considered  parts  of  one 
larger  district,  since  the  Huronian  rocks  of  all  of  them  are  areally 
connected.  (Sec  I'l.  XLVIll.)  However,  in  passing  from  the  north 
to  the  south  of  this  triple  district,  if  we  ma^-  use  this  expression, 
the  important  ore-producing  horizon  has  passed  from  the  Lower  Huro- 
nian to  the  basal  horizon  of  the  Upper  Huronian.  And  when  we  pass 
to  the  western  part  of  the  Crystal  Falls  district  the  importjint  ore- 
producing-  horizon  has  })ecome  the  topmost  horizon  within  the  Upper 
Huronian. 

Summarizing,  we  see  that  in  tli(>  northeastern  i>ai-t  of  the  area,  in  the 
Marquette  district,  the  Lower  Huronian  horizon  is  the  great  producer; 
in  the  southeastern  part  of  the  area,  in  the  Menominee  district,  the 
basal  horizon  of  the  Upper  Hui'onian  is  the  great  producer;  and  in 
the  western  part  of  the  area,  i.  e..  Commonwealth.  Florence,  Crystal 
Falls,  and  Iron  River,  the  horizon  within  the  Upper  Huronian  is  the 
sole  producer. 

Passing  now  to  the  westward,  to  the  Penokee-Gogebic  and  Mesabi 
districts,  the  conditions  are  similar  to  those  in  the  western  part  of  the 
Crystal  Falls  district.  In  these  two  disti-icts  the  ore  is  confined  to  a 
single  iron-bearing  formation — that  within  the  Upper  Huronian — ])ut 
this  has  now  become  a  very  important  formation.  The  enormous 
quantities  of  ore  deri^•ed  from  these  two  districts  are  at  the  horizon  of 
the  mines  adjacent  to  Crystal  Falls  and  Iron  River,  at  the  Curry 
member  of  the  Menominee,  and  at  the  insignificant  horizon  of  the 
mines  of  the  Michigamme  slate  in  the  Marquette  district.  It  there- 
fore appears  that  the  iron-bearing  member  of  the  Penokee-Gogebic 
and  Mesabi  districts  in  the  western  part  of  the  Lake  Superior  region 
is  a  great  continuous  thick  formation,  ])ut  when  traced  to  the  east  it 
thins  out  gradually,  finally  becomes  discontinuous,  and  in  the  Mar- 
quette area  is  of  little  consequence. 

Passing  now  to  the  Vermilion  district  north  of  the  Mesabi  district, 
if  we  include  here  the  eastern  equivalents  of  the  Mesabi  series,  where 
the  two  i-anges  join,  all  the  series  which  occur  in  the  Marquette  dis- 
trict are  found,  and  each  contains  an  iron-bearing  foraiation;  but  as 
yet  only  one  of  them  is  an  ore  producer.  All  of  the  ore  thus  far 
exploited  comes  from  the  Archean  iron  formation,  which  is  eciuivalent 
to  the  lowest  nonproductive  formation  of  the  Marquette  district.  The 
Lower  Huronian  iron  formation  is  thin  and  local  and  ores  have 
nowhere  been  mined  from  it.  The  1)asal  detrital  iron-bearing  member 
of  the  LTpper  Huronian  does  not  exist.  The  topmost  iron-liearing 
hori/.on,  that  within  the  Upper  Huronian,  is  confined  to  the  eastern 
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part  of  the  district,  and  within   it  no  ore  l)odies   have  as  yet  l)een 
found. 

The  only  productive  district  north  of  the  international  boundary 
is  the  Michipicoten;  and  here  the  only  iron  formation  known  is  the 
Archean. 

POSITION    OF    IRON   ORES    IN    THE    IRON-BEARING    FORMATIONS. 

Next  to  be  considered  are  the  positions  which  the  ore  bodies  occupy 
within  the  iron-bearing  horizons.  The  Archean  iron-bearing-  forma- 
tion is  productive  in  only  two  districts,  the  Vermilion  and  the  Michi- 
picoten. In  the  Vermilion  district  all  the  ore  deposits  yet  found  are 
at  the  bottom  of  the  iron-bearing  formation  (the  Soudan),  the  pitching 
troughs  being  made  hy  the  underlying  Ely  greenstones,  or  else  bj^  these 
greenstones  combined  with  later  intrusive  rocks.  The  Lower  Huro- 
nian  iron-bearing  formation  (the  Negaunee)  is  productive  in  only  a 
single  district,  the  Marquette.  In  this  district  ore  deposits  maj^  be 
found  at  the  bottom  of  the  iron-bearing  formation,  the  underlying- 
slate  furnishing  the  pitching  troughs;  they^  may  be  found  within  the 
iron-bearing  formation,  intrusive  diorite  sheets  or  dikes  or  both 
together  constituting  the  pitching  troughs;  or  they  may  be  found  at 
the  upper  part  of  the  iron-bearing  formation,  the  contact  horizon 
between  the  Upper  Huronian  and  Lower  Huronian  combined  with 
interbedded  or  intrusive  rocks  giving  the  pitching  troughs. 

The  workable  ore  deposits  belonging  to  the  basal  horizon  of  the 
Upper  Huronian  are  confined  to  the  Marquette  and  Menominee  dis- 
tricts. In  the  Marquette  district  they  occur  in  connection  with  those 
at  the  top  of  the  Lower  Huronian  Negaunee  formation,  and  are  con- 
trolled by  the  same  condition.  In  the  Menominee  district  they  are  at 
basal  or  nearly  basal  positions  in  the  formation,  the  impervious 
pitching  troughs  being  furnished  by  talc-schist  belonging  at  the  top 
of  the  Rand\illc  dolomite,  or  else  by  a  slaty  member  of  the  iron- 
bearing  formation. 

The  highest  iron-producing  horizon,  that  within  the  Upper  Huro- 
nian, is  an  ore  producer  in  all  of  the  districts  south  of  the  international 
boundary  except  the  Vermilion.  In  all  of  th(\se  districts  the  ore 
deposits  show  a  marked  preference  for  the  lower  parts  of  the  iron- 
bearing  formations,  altiiough  these  are  not  tlie  bottom  formations  of 
the  Upper  Huronian.  In  the  Manjuette,  Crystal  Falls,  and  Menominee 
districts,  the  ores  rest  upon  impervious  pitching  troughs  composed 
of  slate.  This  slate  in  the  Menominee  district  has  been  given  the 
name  Brier.  In  the  Penokee-Gogc^bic  district,  in  all  but  two  cases, 
the  ores  rest  upon  pitching  troughs  made  ])y  a  combination  of  quartzite 
underlain  by  slat(^  and  by  dike  rocks.  In  the  Mesabi  district  the  ores 
are  in  pitching  troughs,  often  comjjosed  of  argillaceous  or  cherty  por- 
tions of  the  iron-bciuing  formation  itself,  rather  than  the  underlving 
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slate  and  quartzite.      In  all  districts  alike  the  ores  show  a  marked 
preference  for  subordinate  depressions  on  the  crests  or  slopes. 

Still  further  generalized,  we  may  say  that  within  the  iron-bearing 
formations  the  large  ore  bodies  are  very  generally  found  with  the  fol- 
lowing relations:  (1)  They  rest  upon  an  impervious  basement;  (2)  this 
impervious  basement  is  commonly  in  a  pitching  trough;  (3)  the  ore 
formation  is  usually  much  plicated  and  broken;  (4)  the  majority  of  the 
ore  bodies  occur  below  crests  or  slopes,  not  below  \'alleys. 

CLOSENESS    OF    FOLDING. 

The  different  districts  vaiy  greatly  in  the  closeness  of  the  folding. 
Moreover,  both  the  longitudinal  folding  and  the  cross  folding  vary  in 
closeness.  The  closeness  of  the  folding  in  both  directions  is  an  impor- 
tant factor  bearing  upon  the  shape  of  the  ore  deposits  and  the  amount 
of  them  which  is  exposed  at  the  surface.  The  statement  first  made  will 
exclude  the  intrusive  igneous  rocks.  Usualh'  the  longitudinal  folds 
correspond  with  the  greater  dimensions  of  the  ore  bodies  and  the  cross 
folds  determine  the  steepness  of  the  pitch,  but  there  are  important 
exceptions  to  this.  Where  the  rule  applies,  the  most  gentle  folds  give 
wide  U-shaped  troughs,  the  closer  folds  narrower  U-shaped  troughs, 
and  the  most  intense  folds  give  V-shaped  troughs.  Where  the  folding 
is  gentle  the  breadth  of  the  ore  bodies  is  often  considerable  and  the 
pitch  is  slight.  Consequently  a  broad  area  of  an  ore  body  is  likely  to 
be  exposed  at  the  surface.  As  the  complex  folding  becomes  closer 
the  area  exposed  at  the  surface  becomes  smaller  and  smaller.  Where 
the  cross  folding  is  intense  and  in  consequence  the  pitch  very  steep 
the  area  of  ore  exposed  at  the  surface  may  be  very  small  indeed,  the 
body  plunging  steepl}'  and  quickly  below  the  rocks.  Where  intrusive 
igneous  rocks  occur  these  statements  may  need  modification  to  some 
extent,  but  in  many  instances  the  igneous  rocks  were  present  in  the 
formations  before  the  folding,  and  in  such  cases  the  principles  are 
applicable. 

The  districts  will  be  considered  in  the  order  of  the  closeness  of  fold- 
ing, the  district  being  first  taken  up  in  which  the  folding  is  most  gentle 
and  that  last  in  which  it  is  most  intense. 

In  the  Mesabi  district  the  folding  is  the  most  gentle  of  any  in  the 
Lake  Superior  region.  This  series  is  a  gently  southward-dipping 
monocline,  the  average  dip  being  perhaps  10 -.  This  monocline  is  bent 
by  gentle  cross  folds  which  produced  subordinate  plunging  anticlines 
and  synclines  of  different  orders,  thus  affording  cross  troughs  and  arches. 
The  cross  troughs,  which  pitch  to  the  south,  have  been  followed  by  the 
ore  bodies.  Therefore  in  the  Mesabi  district  the  greater  dimensions 
of  the  ore  bodies  correspond  with  the  cross  folding  and  the  shorter 
lateral  dimensions  with  the  major  folding  of  the  district.  But  the 
major  folding  is  also  very  gentle  and,  therefore,  the  pitch  slight.     As 
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a  consequence  the  ore  deposits  of  the  Mesabi  district  give  the  largest 
exposures  of  ore  at  the  surface  of  the  solid  rocks  in  the  Lake 
Superior  region. 

The  Penokee-Gogebic  series  is  another  monocline,  but  the  dip  is 
here  from  35°  to  80°  N.,  being  for  the  major  part  of  the  producing 
district  55°  to  70°  N.  There  are  also  here  subordinate  cross  flexures. 
Cross  faulting  and  faulting  parallel  to  the  bedding  also  occur.  In 
this  district  the  pitch  of  the  ore  bodies  is  controlled,  not  by  the  cross 
folds,  but  by  a  set  of  intersecting  dikes  which,  as  explained  on  pages 
340-343,  unite  with  a  quartzite  to  produce  pitching  troughs  pai'allel  to 
the  strike  of  the  iron-bearing  formation  instead  of  transverse  to  it  as 
in  the  Mesabi  district.  The  pitch  in  most  cases  is  from  10°  to  30°. 
This  pitch  commonly  carries  the  ore  deposits  below  the  surface  within 
comparatively  short  distances.  However,  the  areas  of  the  ore  deposits 
which  reached  the  drift  were  rather  large,  and  the  majority  of  them 
were  discovered  by  test  pitting. 

In  the  Crystal  Falls  district  there  are  two  cases.  The  flrst  comprises 
those  deposits  which  are  peripheral  to  the  Hemlock  volcanics.  These 
have  steep  dips.  Upon  the  major  folds  are  subordinate  cross  folds 
which  give  pitching  troughs.  The  second  case  comprises  those  ore 
deposits  in  the  slates  awa\^  from  the  Hemlock  volcanics.  These  slates 
are  somewhat  sharply  plicated,  giving  U-  or  V-shaped  troughs. 

In  the  Marquette  district  the  folds  are  rather  close,  but  not  so  close 
l)ut  that  the  majority  of  the  basins  are  U-shaped  rather  than  V-shaped. 
This  statement  is  applicable  to  the  central  part  of  the  district,  where 
deposits  occur  at  the  bottom,  within,  and  at  the  top  of  the  Negaunee 
formation.  (See  pp.  373-379.)  The  pitch  of  these  ore  bodies  is  ordi- 
narily from  20°  to  30°.  Therefore  the  ore  deposits  ordinarily  pre- 
sent a  fairly  good  breadth  of  exposure  at  the  solid  rock  surface,  but 
plunge  somcM'hat  quickly  l)elow  the  rock,  as  in  the  Gogebic  district. 
In  the  western  part  of  the  district  the  Michigannue  and  Spurr  mines 
present  a  case  of  southward-dipping  monoclines  similar  to  those  of  the 
Crystal  Falls  district.'  The  (MhI  of  the  Kepublic  syncline  is  somewhat 
sharply  plicated,  the  compression  having  here  l)een  nuich  more  intense 
than  in  the  main  area.  As  would  be  expected  from  the  intensity  of 
folding,  the  K(>pul)lic  trough  has  a  steep  j)itch,  being  on  an  average 
between  40°  and  45' . 

In  the  Menominee  district  the  plications  are  exceedingly  sharp. 
Superimposed  upon  tlie  sides  of  the  major  anticlinal  folds  of  the  dolo- 
mite are  sharp  V-sliaped  folds,  which  have  pitches  of  from  50°  to  60°, 
or  even  more.  In  this  district  the  areas  of  deposits  which  reach  the 
drift  arc  therefore  comparatively  small.  The  ore  deposits  pass  quickly 
below  the  rock  surface,  and  some  of  them  are  of  much  greater  size 

>Thc  Republic  trouRli,  by  H.  L. Smyth:  Mon.  U.  8.  Gcol.  Survey  Vol.  XXVIII,  1,S97.  pp.  525-580. 
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below  the  surface  than  at  the  surface.     A  notable  case  is  the  Aragon 
mine. 

In  the  Vermilion  district  we  lind  the  maximum  of  folding,  both 
longitudinal  and  cross.  Upon  the  folds  of  the  first  order  are  those  of 
the  second  order,  upon  these  folds  are  the  folds  of  the  third  order, 
and  so  on  down  to  minute  plications.  In  most  cases  these  plications 
are  so  sharp  as  to  make  the  limbs  of  the  folds  nearly  or  even  quite 
parallel.  However,  in  many  cases,  notwithstanding  this,  the  turns  are 
rounded  rather  than  sharply  V-shaped.  Moreover,  the  cross  folding  is 
so  intense  as  to  give  steep  or  vertical  pitches.  Indeed,  the  pitches  are 
often  so  steep  that  the  folds  ma}'  be  almost  equally  well  seen  on  ground 
plan  and  upon  vertical  cross  section.  As  a  result  of  the  extraordinary 
complexity  of  the  folding;  both  longitudinal  and  cross,  the  iron-bearing 
formation  and  underlying  greenstone  have  a  most  remarkably  irregular 
distribution.  Indeed,  this  distribution  is  so  very  complex  that  many 
have  believed  it  to  be  explained  by  intrusion  of  the  greenstone  rather 
than  by  folding.  On  account  of  the  sharpness  of  the  folds  the  pitch 
of  the  ore  bodies  is  usually  steep,  and  comparatively  small  areas  reach 
the  rock  surface. 

SUMMARY   OF  GENESIS   OF  THE   ORES. 

As  to  the  genesis  of  the  ores,  cherty  iron-bearing  carbonate  is  the 
main  original  rock.  This  is  found  in  every  district  in  the  entire  Lake 
Superior  region,  with  the  exception  of  the  Mesabi  district,  where  ii'on 
silicate  also  is  very  important.  The  rocks  are  metamorphosed  along 
two  main  lines.  The  first  of  these  lines  produces  amphibolitic  and 
maguetitic  quartz  rocks  or  schists,  and  occasionalh^  also  pyroxenitic 
and  chrysolitic  rocks.  These  rocks  develop  under  deep-seated  condi- 
tions in  connection  with  igneous  intrusives,  and  especially  the  basal 
gabbro  intrusives  of  the  Keweenawan.  Where  the  iron-bearing 
formations  have  thus  been  altered  no  workable  ore  bodies  have  as  yet 
been  found.  The  second  line  produces  ferruginous  slates,  ferruginous 
cherts,  jaspilites,  and  ore  bodies.  These  rocks  develop  mainly  in  the 
belt  of  weathering,  although  in  many  cases  the  production  of  the 
jaspers  required  two  stages — first  the  formation  of  the  ferruginous 
slates  and  ferruginous  cherts  in  the  belt  of  weathering,  and  later 
dehydration  when  the  formations  were  deeply  buried. 

In  a  number  of  the  districts  in  which  the  Lower  Huronian  iron- 
bearing  formation  occurs  the  upper  part  of  the  formation  was  exposed 
to  weathering  before  Upper  Huronian  time.  When  the  Upper  Huro- 
nian sea  transgressed  over  these  iron-bearing  formations  detrital  ferru- 
ginous sandstone  and  conglomerate  were  produced,  which,  so  far  as 
they  contain  iron  oxide,  are  on  their  way  toward  ore  bodies.  To 
some  extent,  also,  the  ore   bodies   are  due   to  the  oxidation  of   the 
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iron  carbonate  in  place.  But  all  of  the  facts  irresistibly  lead  to  the  con- 
clusion that  the  final  and  most  important  step  in  the  production  of  the 
ore  bodies  was  secondary  enrichment  })y  downward-percolating  waters 
below  crests  or  slopes  where  such  waters  were  converged  by  the  pitch- 
ing troughs.  The  waters  which  followed  the  more  circuitous  routes 
transported,  iron  carbonate;  waters  more  directly  from  the  surface, 
which  did  not  pass  through  iron  carbonate,  bore  oxygen;  the  two  kinds 
of  solutions  mingled  and  precipitated  iron  oxide.  The  waters  ascended 
and  escaped  below  the  valleys.  Finally,  the  groat  quantity  of  water 
which  was  converged  in  these  troughs  and  moved  downward  abstracted 
the  silica  and  carried  it  elsewhere. 

THE  QUANTITY  OF  IRON  ORE  AVAILABLE. 

If  the  foregoing  reasoning  be  correct,  it  is  perfectl}'  clear  that  the 
ore  bodies  can  not  be  expected  to  extend  beyond  the  depth  to  which 
the  descending  waters  may  bear  oxygen  and  precipitate  iron  oxide. 
Up  to  the  present  time  all  but  an  insignificant  fraction  of  the  ore  has 
been  taken  from  above  the  1,000-foot  level.  Many  ore  deposits  before 
reaching  the  depth  of  1,000  feet  have  become  smaller  and  poorer,  and 
a  number  have  been  worked  out.  Two  or  three  ore  deposits  have  been 
sufhciently  persistent,  so  that  they  have  been  worked  to  the  depth  of 
1,500  feet,  but  the  great  majority  of  deposits,  even  in  the  oldest  districts 
in  which  there  has  been  time  for  deep  development,  has  not  been 
worked  to  such  depths  as  this.  I  have  no  doubt  that  vastly  more 
high-grade  iron  ore  wiU  be  taken  out  in  the  Lake  Superior  region 
above  the  1,000-foot  level  than  below  it.  If  this  be  true,  iron  ores  of 
the  Lake  Superior  region  ])earing  more  than  GO  per  cent  of  metallic 
iron  are  not  inexhaustible.  Indeed,  a  ver}^  appreciable  percentage  of 
such  ores  yet  discovered  has  already  been  exploited.  But  high-grade 
ores  are  not  the  only  source  of  supply. 

Thirteen  years  ago  practically  all  of  the  material  shipped  from  the 
Lake  Superior  region  contained  more  than  60  per  cent  metallic  iron.' 
For  the  last  five  yeai-s  large  (^[uantities  of  ore  have  been  shipped  from 
the  ranges  south  of  Lake  Superior  containing  less  than  00  per  cent, 
and  considerable  (luantities  of  ore  have  b(>en  shipped  running  from  40 
to  50  per  cent  metallic  iron."  If  all  material  be  called  iion  ore  in  which 
the  percentage  of  iion  is  50  per  cent  or  more,  with  an  average  amount 
of  phosphorus,  a  huge  quantity  of  material  left  behind,  wasted,  or 
not  developed  at  all  would  bo  ore.  If  material  be  called  iron  ore  which 
runs  more  than  40  per  cent  metallic  iron,  and  this  material  would  be 
ore  in  Europe,  this  would  add  greatly  to  tlie(|uantity  of  available  ore. 

•  Mineral  Resources  U.  S.,  IfW".  pp. 37-42. 

'EiRhteenth  Ann.  Rcpt.  V.  S.  Cool.  Survey,  Pt.  V,  1890,  pp.  2S-»i;  Twentieth  Ann.  lUpt.  f.S.Ocol. 
Survey  I't.  VI,  1899,  pp.  33-;it;. 
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Already  some  low-phosphorus,  high-silica  ores  which  bear  no  more 
than  4:0  per  cent  metallic  iron  have  been  marketed  for  mixture  with 
the  Mesabi  ores.  I  have  no  doubt  that  within  another  generation  a 
considerable  proportion  of  the  material  shipped  from  the  Lake  Supe- 
rior region  will  run  between  40  and  50  per  cent  metallic  iron,  and  that 
low-phosphorus,  high-silica  ores  containing  considerably  less  than  40 
per  cent  metallic  iron  will  be  marketed. 

The  exhaustibility  of  high-grade  iron  ores  in  the  Lake  Superior 
region  can  not  be  too  strongly  insisted  upon,  for  belief  to  the  contrary 
almost  invariably  results  in  lack  of  foresight  and  waste  on  the  part  of 
the  operators.  The  policy  of  mining  only  the  richest  ores  which  can 
be  marketed  to-day,  and  frequently  in  handling  this  material  in  such 
a  manner  as  to  make  it  difficult  to  recover  the  somewhat  lower-grade 
material  at  a  later  time,  is  very  shortsighted  policy,  even  from  the 
point  of  view  of  the  mining  men  and  ignoring  the  future  of  the  nation. 
The  sagacious  policy  is  to  treat  the  low-grade  ores  which  can  not  be 
marketed  at  the  present  moment  as  a  resource  which  will  certainly 
have  a  value  in  the  future.  Moreover,  taking  into  account  the  enor- 
mous increase  in  the  amount  of  ore  mined,  I  have  no  doubt  that  the 
demand  for  the  low-grade  ores  which  are  at  present  completely  ignored 
or  wasted  will  come  much  sooner  than  mining  men  believe.  The  total 
product  of  the  Lake  Superior  region  since  mining  began  in  1850  to 
1900.  inclusive,  is  171,418,984  long  tons.  The  amount  mined  in  the 
decade  between  1891  and  1900,  inclusive,  is  114,017,546  long  tons,  or 
66.5  per  cent,  or  nearh'  seven-tenths,  of  the  total  amount  mined.  The 
product  for  the  year  1900  surpasses  that  of  any  previous  year  and  is 
one-ninth  of  the  aggregate  of  this  and  all  preceding  years.  It  is  cer- 
tain that  the  product  of  the  current  decade  will  far  surpass  that  of  the 
last  decade. 

The  mining  men  should  seriously  consider  how  many  decades'  supply 
such  as  that  of  1891  to  1900  of  high-grade  material  is  in  sight,  or  even 
discoverable,  on  the  United  States  side  of  the  boundary.  If  this  amount 
be  placed  at  1,000,000,000  long  tons,  mining  at  the  rate  of  20,000,000 
tons  per  year  would  exhaust  the  supply  in  the  first  half  of  the  twenti- 
eth century,  or  in  about  the  same  length  of  time  that  mining  has  been 
cai-ried  on  in  the  Lake  Superior  region.  The  exhaustion  within  a  few 
decades  of  the  high-grade  ores  of  the  Lake  Superior  region  nom  dis- 
covered is  little  short  of  a  certainty.  It  is  therefore  plain  that  the 
material  in  which  the  percentage  of  iron  is  below  the  present  market 
demand  and  which  must  be  handled  in  connection  with  present  oper- 
ations should  be  stock  piled,  and  that  the  mines  be  developed  and 
exploited  with  the  expectation  in  a  comparatively  short  time  of  mining 
material  running  between  50  and  60  per  cent  metallic  iron,  and  within 
a  comparativelv  few  decades  of  material  running  between  40  and  50 
per  cent  metallic  iron. 
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EXPLORATION. 

GENERAL. 

If  the  foregoing  paper  presents  an  approximately  correct  statement 
of  fact  as  to  the  occurrence  of  the  iron  ores  of  the  Lake  Superior 
region,  and  an  adequate  theory  as  to  their  development,  certain  rules 
follow  as  to  methods  of  exploration.  Various  explorers  hav'e  applied 
a  part  of  these  rules,  perhaps  without  definitely  formulating  them. 
Indeed,  in  many  cases  the  explorations  have  been  directed  with  excep- 
tional intelligence,  considering  the  state  of  knowledge  of  the  districts 
when  the  exploratory  work  was  done.  However,  a  veiy  frequent  pro- 
cedure in  exploration  has  been  that  of  chance,  the  explorer  putting 
down  test  pits  or  drill  holes,  in  some  cases  in  great  numbers  within  a 
small  area  where  his  fancj^  dictated,  or  under  some  theory  which  had 
no  basis  in  fact.  One  in  man}^  test  pits  or  drill  holes  has,  under  the 
law  of  chance,  found  ore,  and  the  lucky  hit  has  been  taken  as 
evidence  of  unusual  sagacity  upon  the  part  of  the  explorer.  This 
method,  or  lack  of  method,  of  chance  exploration  is  nowhere  better 
illustrated  than  by  much  of  the  exploratory  work  in  the  Vermilion 
district.  This  district  is  one  which  above  all  others  demands  an  under- 
standing of  the  structure,  a  careful  mapping  of  the  ore-bearing  and 
other  formations,  and  a  comprehension  of  the  principles  of  the  occur- 
rence of  the  ores  within  the  iron-bearing  formation;  for  it  is  a  district 
of  almost  unparalleled  intricacy  of  structure.  The  natural  conse- 
quence of  these  difficulties  is  that  the  chance  plan  of  exploration  has 
been  here  best  exemplified,  and  the  expenditures  in  exploration  in  the 
district  have  been  immense  and  largely  wasted.  In  other  districts,  in 
which  the  distribution  of  the  iron-bearing  formations  is  more  regular, 
exploration  to  a  gr(Miter  degree  has  been  well  directed.  However,  in 
the  simplest  disti-icts  a  very  large  amount  of  chance  or  random  work 
has  been  done  and  great  simis  of  money  have  been  lost. 

In  many  cases  a  sufficient  amount  of  money  has  been  thrown  away 
upon  a  single  tract  of  40  acres,  where  there  was  no  reasonable  pros- 
pect of  success,  to  have  mapped  areally  and  studi(«d  scientifically  an 
entire  district.  The  unscientific  and  unpractical  method  of  explora- 
tion by  chance  has  undoubtedly  led  to  the  discovery  of  manv  large 
ore  deposits;  but  the  waste  of  money  in  this  work  has  been  simply 
enormous,  amounting  to  many  millions  of  dollars. 

In  the  hope  that  such  waste  may  l)e  lessened  in  the  future,  I  here 
attempt  to  fonnulate  rules  to  guide  exploration.  A  numl)er  of  these 
rules  are  general  and  apply  to  the  entiic  Lake  Superior  region;  others 
of  them  are  special.  iii)plying  only  to  iiulividiial  districts.  The  gen- 
eral rules  are  as  follows: 

(1)   Exploration  should  tirst  be  direcd-d  to  outlining  accurately  the 
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iron-bearing  and  adjacent  formations.  For  certain  districts  upon 
which  reports  have  alread}'  been  published  by  the  United  States  Geo- 
logical Surve}-  this  has  already  been  done  in  large  part;  but  even 
these  maps  should  be  supplemented  by  much  more  detailed  mapping 
of  the  more  favorable  areas,  since  it  is  not  possible  for  the  Govern- 
ment geologists  to  make  economic  maps  for  the  various  mining  com- 
panies. It  is,  therefore,  the  first  duty  of  the  explorer  of  an  area, 
small  or  large,  to  make  or  have  made  an  accurate  large-scale  geolog- 
ical map  with  structure  sections.  Such  a  map  should  show  as  exactly 
as  possible  the  limitations  of  the  iron-bearing  and  adjacent  formations 
on  the  property  to  be  explored.  Wherever  it  is  possible  to  subdivide 
the  iron-bearing  formation  into  various  members  the  map  should  show 
these  subdivisions.  Not  only  should  the  map  give  all  these  general- 
ized results,  but  it  should  give  in  detail  the  information  upon  which 
they  are  based.  Thus,  the  map  should  show  all  natural  outcrops  in 
due  proportion  with  their  strikes  and  dips.  It  should  show  the 
observations  of  a  careful  magnetic  survey  made  ])y  the  methods 
explained  in  Chapter  II  of  Part  II  of  Monograph  XXXVI  of  the 
United  States  Geological  Survey  (pp.  336-373),  or  by  some  other 
equally  good  method.  Such  a  magnetic  survey  may  reveal  an  iron- 
bearing  formation  where  outcrops  fail  to  do  so.  Where  there  are 
various  outci'ops  of  an  iron-bearing  formation,  a  magnetic  surve^y  may 
enal)le  one  more  accurately  to  plat  its  boundaries.  Not  only  this, 
but  the  bending  of  the  lines  of  maxiimmi  variation  and  the  change  in 
dip  may  help  to  elucidate  the  structure,  showing  where  the  folds  are. 
Frequently,  also,  a  magnetic  survey-  may  help  to  subdivide  an  iron- 
bearing  formation  into  two  or  three  membei's,  some  of  which  are 
strongh'  magnetic  and  others  less  strongly  magnetic.  In  some  in- 
stances the  slightly  magnetic  belts  are  those  which  are  most  likely  to 
bear  ores.  In  others,  strongl  ■  magnetic  belts  are  those  most  likely 
to  bear  ores.  No  general  rule  can  be  given  on  this  point.  The  rule 
established  by  a  magnetic  survey'  of  the  individual  district,  and  espe- 
cially of  the  properties  where  ore  is  known,  must  guide  in  further 
search  for  ore. 

An  excellent  example  of  an  iron-bearing  belt  geologically  mapped  in 
advance  of  exploration  is  the  Wisconsin  end  of  the  Penokee-Gogebic 
range  from  Penokec  Gap  to  Montreal  River.  This  area  was  accurately 
mapped  by  the  late  Prof.  Roland  D.  Irving  on  a  scale  of  3.6  inches  to 
the  mile.^  This  map  shows  not  only  the  distribution  of  the  various 
formations,  but  the  observations  upon  which  the  distribution  is  based, 
both  the  actual  outcrops  and  the  magnetic  data  being  given.  From 
Potato  River  to  the  ]\Iontreal  River  in  the  eastern  part  of  tlie  district,  a 
distance  of  over  12  miles,  only  two  outcrops  were  found  upon  the  iron- 
bearing  formation;  but  so  correctly  were  these  outcrops,  the  outcrops 

1  Pis.  XXIV  and  XXVI  inclusiw,  of  Atlas  of  Geology  of  Wisfonsin. 
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of  the  adjacent  formations,  and  the  magnetic  observations  interpreted 
that  Professor  Irving-  located  a  belt  of  iron-bearing  formation  about 
1,000  feet  wide,  years  before  any  exploratory  work  was  done  on  this 
part  of  the  belt.  Within  this  belt  is  confined  every  mine  which  has 
been  discovered  in  Wisconsin  in  the  Penokee-Gogeliic  district. 

Careful  mapping  by  a  competent  geologist,  both  of  ledges  and  of 
magnetism,  leading  to  the  elucidation  of  the  structure,  costs  very 
little  as  compared  with  underground  work.  The  results  obtained  by 
a  careful  surface  survey  will  in  all  cases  make  the  expenditure  of 
money  underground  much  safer  and  much  more  likely  to  lead  to  suc- 
cess. Notwithstanding  these  undoubted  truths,  it  has  been,  until 
within  a  few  years,  ver}'  exceptional  for  the  practical  mining  men  to 
avail  themselves  of  cai'ef ul  surface  geological  and  magnetic  survey's. 
At  the  present  time  the  easily  discoverable  deposits  have  been  found; 
therefore,  what  is  here  said  in  reference  to  close  geological  and- mag- 
netic mapping  previous  to  underground  M^ork  has  far  greater  force 
than  it  had  ten  or  twenty  years  ago. 

(2)  Exploration  should  be  confined  to  the  iron-bearing  formations. 
The  correctness  of  this  principle  is  so  evident  for  most  areas  that  it 
needs  no  emphasis.  Nevertheless,  at  various  places  vast  sums  of 
money  have  been  expended  in  direct  violation  of  it.  For  instance,  in 
the  early  daj'^s  of  exploration  on  the  Gogebic  range,  great  sums  of 
money  were  spent  in  exploring  the  granite  below — to  the  south  of — the 
iron-bearing  formation  and  the  slate  above — to  the  north  of — the  iron- 
bearing  formation.  In  the  Vermilion  district  within  the  last  few 
years  vast  sums  of  money  have  been  spent  in  drilling  in  the  middle  of 
large  areas  of  the  gi-eat  basal  Ely  greenstone.  However,  even  the 
principle  that  work  is  to  be  confined  to  the  iron-bearing  formation 
needs  qualification.  The  irregular  ore  deposits  in  the  Upper  Huro- 
nian  slate,  exemplified  by  those  of  Florence,  Commonwealth,  and  Iron 
River,  are  so  bunchy  and  occur  so  irregular  through  the  slate  that  the 
slate  itself  may  b(^  considered  the  economic  formation,  and  in  this  case 
the  exploratory  work  should  not  be  confined  strictly  to  the  belts  of 
ferruginous  chert  and  jasper  and  other  well-known  rocks  of  the  iron- 
bearing  formation. 

(3)  Exploration  should  l)e  conlined  to  those  parts  of  the  iron-bearing 
formations  in  which  the  weathering  processes  have  transformed  the 
original  iron-bearing  rocks  to  fei-ruginous  slate,  ferruginous  chert, 
and  jaspilite,  with  bands  and  sheets  of  iron  oxide;  for  every  iroii-oro 
deposit  which  is  at  present  exploited  in  the  Lake  Superior  region  is 
confined  to  the  portions  of  the  iron-bearing  formation  showing  these 
alterations.  In  proportion  as  soft  iron  oi-e  or  hematite  is  in  places 
abundantly  interl)anded  in  the  .slate,  cliert,  or  jasper,  or  is  in  shots  or 
small  masses  within  these  rocks,  this  is  favorable  to  th(>  (existence  of 
ore  deposits.      Tncven  distribution  of  th(^  ii-on  oxide  is  a  la\-orablesign, 
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even  distribution  is  an  unfavorable  sign.  Tlie  negative  side  of  the  above 
rule  is  that  exploration  should  avoid  those  parts  of  the  iron-bearing 
formation  which  are  little  altered  and  those  in  Avhich  deep-seated  altera- 
tions have  changed  it  to  an  aiuphil)olitic  or  niagnetitic  slate  or  schist. 
Nowhere  in  the  Lake  8ui)erior  region,  where  the  entire  iron-bearing 
formations  have  been  transformed  to  amphibolitic  and  niagnetitic 
schists  are  ore  bodies  being  exploited,  nor  have  ore  deposits  running 
above  .>o  per  cent  metallic  iron  been  found.  This  statement  applies 
to  the  west  end  of  the  Penokee-Gogebic  district,  at  least  so  far  as  the 
Bad  Kivei'.  probably  as  far  as  Tylei's  Fork,  and  possibly  to  the  Potato 
River'  and  to  that  part  of  the  iron  formation  east  of  the  East  Branch 
of  Black  River.  The  same  stiitement  applies  to  the  east  end  of  the 
^lesabi  range,  to  the  south  belt  of  the  (lunflint  iron-bearing  formation 
of  the  Vermilion  district  from  a  short  distance  west  of  Gunflint  Lake 
to  the  western  point  at  which  the  iron  formation  occurs  at  Disap- 
pointment I..ake.  to  smaller  areas  in  the  other  iron-bearing  districts  of 
the  Lake  Superior  region,  and  to  the  whole  of  the  iron-bearing  forma- 
tion of  Bhick  River  Falls  in  "Wisconsin.  At  various  localities,  as,  for 
instance,  at  Penokee  (Jap  on  the  Penokee  range,  at  Akeley  Lake  and 
vicinity  on  the  Gunflint  formation,  and  at  Black  River  Falls  in  Wis- 
consin, large  sums  of  money  have  been  spent  in  exploration  in  the 
lean,  strongly  niagnetitic  varieties  of  the  iron-bearing  formations,  but 
as  yet  not  one  \aluable  ore  deposit  has  been  found  in  the  refractor}^ 
varieties  of  rock.  Possibly,  in  the  future,  when  lower-grade  ores  come 
into  the  market,  these  leaner  portions  of  the  iron-bearing  formations 
will  ))e  drawn  upon,  but  for  the  present  they  are  not  marketable. 

The  exclusion,  for  the  present  at  least,  of  the  amphibolitic  and 
niagnetitic  portions  of  the  iron-bearing  formations  from  consideration 
in  exploration  is  verv  interesting,  the  explanation  of  the  exclusion 
being  ascertainable  onh'  by  an  understanding  of  the  difference  between 
the  nature  of  the  deep-seated  metamorphism  of  the  iron-bearing  car- 
bonate and  the  superficial  or  weathering  metamorphism  of  the  same 
variety  of  rock.     (See  pp.  320-322.) 

(4)  The  iron-bearing  formations  are  likely  to  carry  ore  deposits  of 
workable  size  in  proportion  as  they  are  thick  and  pure,  and  where 
they  are  not  pure  throughout,  in  proi)ortion  as  they  contain  thick 
belts  which  are  pure.  No  merchantable  ore  deposits  have  been  found 
within  the  iron-bearing  formations  where  but  a  few  feet  in  thickness, 
and  but  rarelv  where  so  thin  as  100  feet.  All  the  great  ore  deposits  of 
the  Lake  Superior  region  of  the  United  States  are  confined  to  those 
parts  of  the  iron-bearing  formation  which  are  in  considerable  volume; 
in  but  few  cases  as  small  as  150  feet  in  thickness,  and  commonly  sev- 
eral hundred  feet  in  thickness.  Even  if  an  iron-bearing  formation  is 
in  great  volume  and  yet  is  subdivided  f>y  many,  layers  of  impervious 

1  Mon.  tJ.  S.  Geol.  Surrey  Vol.  XIX,  pp.  215-224. 
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material,  such  as  slate  or  interbedded  igneous  rock,  it  will  not  be 
likely  to  carry  merchantable  ore  deposits.  However,  if  a  consider- 
able belt  of  iron-bearing  formation  is  free  from  impurities  within  a 
large  formation  containing  impurities,  ore  bodies  of  workable  mag- 
nitude may  have  formed  within  the  pure  belt. 

(5)  Within  the  iron-bearing  formations  of  the  proper  character  and 
in  sufficient  volume  search  should  be  first  made  for  contacts  with  other 
formations,  either  sedimentary  or  igneous.  These  contacts  may  be  at 
the  outer  boundaries  of  an  iron-bearing  formation,  or  may  be  within 
an  iron-bearing  formation.  Within  the  iron-bearing  formations  the 
contacts  ma}^  be  caused  by  an  interstratified  slate,  or  may  be  due  to  an 
intrusive  igneous  rock.  When  a  contact  is  found,  the  search  should 
be  first  confined  to  the  iron-bearing  formation  comparatively  near  the 
contiguous  rock,  and  later  slowly  extended  from  it. 

(6)  The  iron-bearing  formations  adjacent  to  contacts  are  especially 
likely  to  be  fruitful  in  ore  where  considerable  thicknesses  of  the  iron- 
bearing  formations  are  above  the  contacts  rather  than  below  them. 
The  most  favorable  contacts  are  those  at  the  bottoms  of  the  iron- 
bearing  formations,  for  in  such  cases  the  entire  iron-bearing  forma- 
tions are  above  the  contacts. 

(7)  Those  contacts  are  especially  favorable  to  the  existence  of  ore 
bodies  in  which  the  formation  in  contact  with  the  iron  formation  is 
relatively  impervious.  This  impervious  formation  may  be  a  sedimen- 
tary shale,  slate,  or  schist;  may  be  a  layer  of  quartzite  underlain  by  a 
slate;  may  be  a  schist  produced  from  mashing  of  a  limestone;  may  be 
a  surface  volcanic  or  schist  produced  from  the  same;  may  be  an  intru- 
sive igneous  rock  or  a  schist  produced  from  the  same;  or,  finally,  may 
be  any  combination  of  these.  These  impervious  strata  are  often  soft, 
being  heavil}'  stained  with  iron  oxide  and  are  frequently  known  by  the 
mining  men  as  paint-rock  or  soapstone. 

(8)  The  contacts  are  most  likely  to  bear  ores  where  the  basement 
foi-mation  constitutes  a  pitching  trough.  The  pitching  troughs  may 
vary  from  sharply  V-shaped  to  broadly  U-shaped.  Where  pitching 
folds  occur,  even  if  troughs  are  not  at  first  located,  it  is  a  favorable 
indication,  for  where  subordinate  anticlines  are  found  synclines  are 
necessarily  adjacent.  Every  iron-ore  deposit  of  the  first  magnitude  in 
the  Lake  Superior  region  of  the  United  States  rests  upon  an  impervious 
pitching  trough.'  However,  in  some  cases  this  fact  has  not  appeared 
until  development  had  gone  far.  This  is  very  well  illustrated  by  the 
Aragon  mine  in  the  Menominee  district,  which  was  found  just  below 

>  See  The  Peiiokec  iron-bearing  series  of  Michigan  nnd  Wisconsin,  by  R.  D.  Irving  and  C.  R.  Vnn  Hiso: 
Men.  V.  S.  Geol.  Survey  Vol.  XIX,  1892,  PI.  XXX,  p.  .W.  mid  PI.  XXI,  p. 510. 

The  Marquette  iron-bearing  district  of  Michigan,  by  C.  R.  Van  HIse  and  W.  S.  Bayley,  including  a 
chapter  on  the  Republic  trough  by  H.L.Smyth:  Mon.  f.S.  Geol.  Survey  Vol.  XXVIII,  1897.  PI.  XVI, 
p.338:  PI. XXVIII, p. 394;  PI.  XXIX.p.398.Bnd  PI.  XXlV.p..'S4.'>. 

The  Menominee  special  folio.  Michigan:  Geologi.'  Atlas  of  the  U.S., folio  (VJ:  T. S. Geol. Survey,  11KX1, 
fig.  4,  p.  7;  tig.  5,  p.  8:  figs.  8, 10,  Ti,  13,  p.  9. 
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a  little  anticline  of  the  Brier  slate.  When  this  deposit  was  followed 
it  was  found  to  rest  upon  a  syncline  and  there  became  of  great  size. 
(See  PI.  LVII.)   . 

(9)  The  more  shattered  and  broken  the  iron-bearing  formation,  the 
more  favorable  is  this  to  the  production  of  ores.  Few  or  no  large  ore 
bodies  have  been  found  where  the  iron-bearing  formation  has  a  uniform 
strike. 

(10)  In  reference  to  topography,  the  favorable  places  for  exploration 
are  usually  the  minor  depressions  on  the  slopes  or  elevations.  Such 
places  are  especially  favoral)le  if  impervious  ])asement  formations  are 
so  resistant  as  to  constitute  higher  lands  about  the  minor  depressions, 
and  thus  form  drainage  basins.  The  ore  is  likely  to  reach  the  rock 
surface  at  subordinate  depressions,  because  in  most  cases  the  ore 
deposits  are  softer  than  the  surrounding  rocks,  and  consequently 
erosion  has  cut  somewhat  deeper  into  the  ores.  These  depressions 
invariably  contain  a  mantle  of  drift.  Therefore,  wherever  other  con- 
ditions are  such  as  to  be  favorable  for  the  development  of  ores,  and 
minor  depressions  filled  with  drift  are  found,  such  places  should  be 
examined.  Frequently  explorers  avoid  these  favoral>le  places,  since 
there  imdorground  water  nuist  usually  l)e  handled. 

"While  the  topograpliic  criterion  probably  would  apply  throughout 
if  the  topography  wen>  now  that  of  i^re-Glacial  times,  the  great  modi ti- 
cations  ))v  glacial  ei-osion  and  deposition  make  it  necessary  to  api)ly 
this  criterion  Avith  caution.  Or(\s  may  be  and  have  been  found  below 
areas  which  are  low  lying. 

(11)  Exploration  should  at  first  be  shallow.  All  or  nearly  all  of  the 
ore  deposits  in  the  I^ake  Superior  region  yet  discovered  somewhere 
approach  or  reach  the  solid  rock  surface.  Therefore,  the  first  step  in 
exploration  should  be  to  penetrate  the  drift  by  numerous  test  pits, 
trenches,  or  drill  holes,  in  order  to  find,  if  possible,  a  deposit  just  below 
the  drift.  A  deposit  once  found  should  then  be  followed  wherever  it 
goes.  Of  course,  in  those  areas  where  the  drift  is  very  deep,  and  in 
which  it  is  advisable  to  put  a  test  shaft  through  the  drift,  it  may  be 
best  to  do  rock  work  under  the  drift  with  diamond  drills  or  cross  cuts, 
and  thus  make  the  best  use  of  the  expensive  test  shaft,  rather  than  to 
sink  other  equally  expensive  test  pits.  But  if  the  drift  be  shallow, 
the  first  step  in  actual  exploratory  work  is  thoroughly  to  test  the  area 
by  work  to  the  rock  surface.  Had  this  method  been  generally  fol- 
lowed in  exploration,  many  of  the  ore  deposits  which  were  discovered 
only  by  expensive  rock  work  would  have  been  found  at  the  rock  sur- 
face at  a  much  less  expense;  for  in  many  cases  later  developments 
have  shown  that  ore  deposits  found  by  deep  work  through  rocks  reach 
the  surface  within  short  distances.  Where  the  conditions  are  favor- 
able for  test  pitting  or  drill  work  through  the  drift,  only  after  thorough 
work  has  failed  to  find  ores  should  rock  work  be  begun.     Of  course, 
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in  a  case  in  which  geological  work  renders  it  probable  that  an  ore 
deposit  may  exist  below  a  marsh,  swamp,  or  lake,  in  many  cases  the 
cheapest  way  to  explore  such  a  place  is  to  use  some  projecting  point 
or  island  of  rock  as  a  base  upon  which  to  do  rock  work,  rather  than 
to  handle  great  quantities  of  water  in  advance  of  the  known  existence 
of  an  ore  deposit. 

INDIVIDUAL    DISTRICTS. 

While  all  of  the  above  are  believed  to  be  general  rules  which  should 
guide  in  the  exploration  for  iron  ore  in  the  different  districts  in  the 
Lake  Superior  region,  they  combine  in  different  ways  so  as  to  give 
local  peculiarities  upon  the  basis  of  which  still  more  definite  rules  may 
be  given  concerning  each  district.  Each  district  will  therefore  be 
separately  considered. 

PenoJcee- Gogebic  district. — On  account  of  the  moderate  pitches  of 
the  ore  deposits,  they  expose  a  rather  large  area  at  the  base  of  the 
drift;  therefore  the  early  work  should  be  to  the  rock  surface.  The 
first  essential  in  wise  prospecting  in  the  Penokee-Gogebic  district  is  to 
find  the  junction  of  the  iron-bearing  formation  and  the  underlying 
fragmental  quartzite.  (See  PI.  XLIX.)  Having  determined  the  posi- 
tion of  the  foot-wall  quartzite  at  several  places,  the  next  step  should 
be  to  run  a  line  of  test  pits  east  and  west  across  the  property  to  be 
explored,  just  north  of  the  line  between  the  ore  formation  and 
quartzite,  with  the  hope  of  finding  an  ore  deposit,  and  if  not  this,  a 
dike  rock.  Other  conditions  being  equally  favorable,  the  west  end  of 
the  prop(>rty  should  be  fii'st  examined,  for  the  majority  of  the  ore 
bodies  pitch  to  the  east,  and  a  deposit  found  upon  this  part  of  the 
property  would  be  likely  to  remain  longer  on  the  land  explored.  If 
the  above  preparatory  work  does  not  develop  an  ore  body,  but  a  dike 
rock  is  struck,  the  thickness  of  this  dike,  its  inclination  both  to  the 
south  and  to  the  east  or  west  should  be  carefully  determined.  If  sev- 
eral dikes  ar(»  found,  the  area  adjacent  to  the  stronger  should  be  first 
prospected.  If  its  pitch  can  not  be  made  out,  assume  that  it  is  to  the 
east,  giving  a  trough  between  it  and  the  quartzite  which  opens  out  to 
the  east  from  the  apex.  If  the  dike  be  actually  found  to  have,  or  is 
taken  to  have,  an  eastward  pitch,  very  careful  exploration  should  be 
made  in  the  tiiangular  area  between  the  foot-wall  quartzite  and  this 
dike  to  a  distance  extending  to  200,  800,  or  even  400  feet  east  of  the 
junction  of  the  dike  and  quartzite  and  an  increasing  distance  noith  in 
passing  to  the  east.  Usually  the  woik  should  not  extend  more  than 
400  feet  north  of  the  quartzite.  If  an  ore  body  exists  upon  the  prop- 
erty in  question  at  or  within  a  rciisoiiable  distance  from  the  surface, 
this  triangular  an>a  is  the  place,  as  shown  by  the  actual  position  of 
previously  known  dc-posits,  at  whicii  it  is  most  likely  to  bo  found.     If 
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a  dike  be  found  to  have  a  western  pitch,  the  triangular  area  west  of 
the  apex  between  this  dike  and  the  quartzite  should  be  explored. 

The  known  existence  of  a  dike  adjacent  to  and  pitching  toward  a 
propert}'  would  be  a  good  reason  for  a  thorough  exploration  upon  the 
property  near  the  discovered  ore  deposit.  Under  such  circumstances 
a  well-detined  dike  carrying  an  ore  body  upon  adjacent  land  would 
warrant  exploration  through  a  considerable  thickness  of  ferruginous 
chert  in  order  to  strike  an  ore  body  which  might  be  below  the  rock 
surface  of  the  land  to  be  explored.  But  in  general  a  property  ought 
first  to  be  well  explored  bv  test  pits  or  drill  holes  which  do  not  go 
below  the  surface  of  the  rock,  unless  there  is  a  great  thickness  of 
drift  above  it.  If  heavy  di-ift  overlies  the  rock  surface,  as  already 
explained,  this  may  be  a  sufficieiit  reason  for  making  the  most  of  a  test 
pit  in  exploring  the  area  adjacent  to  it,  either  by  cuts  in  the  rock  or 
by  means  of  the  diamond  drill.  As  a  matter  of  course,  such  explora- 
tion is  much  more  expensive  than  where  the  countr}'^  rock  is  near  the 
.surface.  Under  no  circumstances  should  money  be  expended  in 
exploration  south  of  the  fragmental  quartzite,  or  farther  north  than 
•i(K)  or  .500  feet,  or,  at  the  outside,  600  feet;  and  work  such  distances 
north  of  the  quartzite  should  be  undertaken  onl}^  in  case  of  failure 
to  find  an  ore  deposit  resting  upon  the  fragmental  quartzite. 

The  above  statements  give  the  limits  of  wise  exploitation,  so  far  as 
the  area  of  the  iron-bearing  formation  is  concerned.  A  further  limi- 
tation is  topographic.  Other  things  being  equal,  crests  and  slopes 
should  be  explored  rather  than  the  valleys.  While  the  minor  cross 
valleys  should  not  be  neglected,  the  major  cross  valleys  have  as  yet 
failed  to  Afield  valuable  ore  deposits. 

Memhi  district. — While  there  are  no  hard  and  fast  rules  to  be  laid 
down  to  govern  exploration  in  the  Mesabi  district,  the  woi'k  thus  far 
done  shows  certain  general  features  which  ma}'  be  of  value  in  locating 
and  carrying  on  further  exploratory  work. 

The  ore  deposits  of  the  Mesabi  district  have  a  great  horizontal  extent; 
thev  may  occur  almost  anywhere  within  the  limits  of  the  iron-bearing 
formation;  thej-  are  heavily  drift  covered.  All  the  important  ore 
deposits  of  the  Mesabi  district  somewhere  extend  to  the  rock  surface; 
that  is.  they  extend  as  rich  ore  bodies  directly  to  the  drift.  Moreover, 
the  area  of  an  ore  deposit  which  reaches  the  drift  is  large;  indeed,  for 
the  great  ore  deposits  is  far  larger  than  in  any  other  district.  In  the 
greater  proportion  of  the  deposits  thus  far  discovered,  exploratory 
work  to  the  lower  limit  of  the  drift  only  has  been  necessary.  This  has 
been  so  frequently  the  case  that  formerly  it  was  assumed  that  if  rock 
was  struck  after  penetrating  the  drift  there  was  little  use  in  going 
farther.  However,  it  is  now  known  that  parts  of  ore  deposits  fre- 
queutlv  lie  under  a  moderate  thickness  of  ferruginous  slate  or  ferru- 
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ginous  chert,  and  it  is  the  practice  to  penetrate  some  little  distance 
into  such  rocks  which  may  be  reached  in  exploratory  work.  Of  course 
an  ore  deposit  which  is  found  on  one  tract  of  land — for  instance,  a  cer- 
tain 40  acres — may  pitch  below  the  rock  upon  another  tract,  and  those 
who  explore  this  land  may  be  obliged  to  do  rock  work.  Not  a  few 
cases  are  known  where  earlier  exploratory  work,  done  mainly  by 
test  pitting  to  the  rock  surface,  had  failed  to  locate  ore  deposits,  and 
later  work  by  drilling  through  the  rock  has  brought  them  to  light. 
Due  to  this  fact,  there  has  been  a  tendency  of  late  to  go  to  the  other 
extreme,  and  spend  large  sums  in  penetrating  a  great  thickness  of 
barren  Biwabik  formation  material  in  the  hope  of  finding  ore.  It 
should  be  remembered  that  much  the  greater  area  of  the  ore  deposits 
thus  far  found  come  to  the  rock  surface,  and  that  when  ore  lies  under 
rock,  the  rock  usually-  has  but  very  moderate  thickness. 

An  examination  of  the  map  will  show  that  the  majority  of  the  ore 
deposits  now  worked  have  their  greatest  bulk  in  middle  or  lower-mid- 
dle horizons  of  the  iron-bearing  formations.  Other  known  deposits 
not  yet  mined  and  not  appearing  on  the  map  have  the  same  position. 
If  in  any  area  the  northern  boundar}'  of  the  Biwabik  formation  be 
known,  the  first  work  should  be  done  at  about  the  same  distance  south 
of  this  boundary  as  the  average  of  the  deposits  already  shown  up. 

If  the  boundary  between  the  iron-bearing  formation  and  the  Pokeg- 
ema  formation  to  the  north  can  be  shown  to  have  a  backward  swing, 
this  is  usually  evidence  of  the  existence  of  a  syncline  or  trough  in  the 
Biwabik  formation;  and  it  has  been  found  that  such  synclines  are 
favorable  to  the  deposition  of  ore  bodies.  As  a  matter  of  fact,  in  the 
present  stage  of  exploratory  work,  the  northern  boundary  of  the 
Biwabik  formation  is  so  imperfectly  known  that  for  considerable  areas 
the  use  of  this  criterion  is  not  practicable.  The  exact  location  of  the 
northern  Ijoundary  of  the  Biwabik  formation  usually  comes  after  and 
as  a  result  of  exploratory  work.  However,  the  formations  north  of  the 
ii-on-bearing  formation  are  harder  and  better  exposed  than  the  Biwabik 
formation,  and  it  is  freciuently  possi])le  actually  to  observe  major 
synclines  in  these  rocks  and  thus  infer  their  presence  in  the  iron-bear- 
ing formation  to  the  south.  An  examination  of  the  map  will  show  a 
number  of  synclines  in  the  Biwabik  formation  to  be  indicated  by 
northern  swings  in  the  hardei-  formations  to  the  north,  as.  for  instance, 
in  the  Virginia  area. 

The  positions  of  the  troughs  or  synclines  in  the  Biwabik  formation 
may  be  indicated  in  another  way.  While  the  drift  has  greatly  obscured 
their  positions,  it  may  l)e  stated  as  a  general  proposition  that  the  minor 
cross  streams  approximately  follow  the  rock  synclines.  This  is  partic- 
ularly likely  to  l)e  the  case  where  ore  deposits  are  in  the  synclines,  for 
two  reasons:  First,  the  ore  deposits  are  softer  than  the  associated  rocks 
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and  their  more  rapid  erosion  has  resulted  in  depressions  which  carry 
the  small  streams;  second,  the  concentration  of  the  deposits  by  under- 
ground water  has  resulted  in  solution  and  slump. 

Finalh',  the  associated  rocks  have  frequently  been  found  to  be  of 
value  as  an  indicator  of  the  proximity  of  ore  deposits.  Most  mining 
men  wlio  have  done  nuu-h  explorator}^  work  in  the  district  have  in  mind 
cei'tain  peculiar  phases  of  the  iron-bearing  formation  which  they  think 
are  likely  to  be  associated  with  iron  ore.  These  phases  vary  greatly 
from  place  to  place,  and  are  given  different  importance  by  different 
men.  Our  work  has  not  sufficiently  progi'essed  to  allow  of  a  classi- 
fication of  these  rocks.  It  may  be  stated,  however,  that  they  represent 
altered  phases  of  the  iron-bearing  formation,  viz,  ferruginous  slates 
and  ferruginous  cherts,  rather  than  the  unaltered  greenish  and  slaty 
phases  to  be  seen  in  the  higher  horizons. 

As  a  matter  of  present  practice,  because  of  the  great  length  and 
breadth  of  the  deposits,  a  comparatively  few  test  pits  or  drill  holes 
over  a  40-acre  tract  are  likely  to  locate  a  deposit  if  one  of  consider- 
able magnitude  exists,  even  when  suc'h  holes  are  put  down  without 
reference  to  the  surface  topography  or  to  the  boundaries  of  the 
Biwabik  formation.  Indeed,  it  has  been  the  custom  in  the  past  for 
explorers  to  take  options  on  parcels  of  land,  usually  in  units  of  40 
acres,  or  one-sixteenth  of  a  section  anywhere  within  or  close  to  the 
limits  of  the  iron-bearing  formation,  and  distribute  their  drill  and  test- 
pit  work  symmetrically  in  these  areas.  If  ore  be  found,  of  course  a 
considerable  number  of  holes  are  put  in  to  explore  it.  A  principal 
factor  Avhich  has  governed  the  choice  of  these  areas  for  exploratory 
purposes  has  been  the  proximity  of  know^n  deposits,  but  in  a  number 
of  instances  the  cross  drainage  lines  have  also  been  a  guiding  factor. 

In  summary,  the  favorable  places  for  exploration  in  the  Mesabi  dis- 
trict are — 

First.  Middle  or  lower  horizons  in  the  iron-bearing  formation. 

Second.  Backward  (northern)  swings  in  the  iron-bearing  or  lower 
formations,  showing  the  probable  existence  of  a  trough. 

Third.  Cross  drainage  lines  which  are  likely  to  be  superimposed 
upon  troughs,  especially  if  ore  deposits  ha\'c  been  developed  in  them. 

2farquette  district. — In  the  Marquette  district,  since  the  pitches  of 
the  ore  deposits  are  not  great,  good-sized  areas  of  the  ores  com- 
monh'  reach  the  drift,  and  the  early  work  should  be  exploration  through 
the  drift.  It  is  to  be  remembered  that  there  are  three  important 
classes  of  ores  in  this  district;  those  at  the  bottom  of  the  Negaunee 
iron-bearing  formation,  those  within  the  Neguanee  formation,  and 
those  at  the  top  of  the  Negaunee  formation,  which  run  up  also  into 
the  horizon  of  the  Goodrich  quartzite.  The  ores  within  the  Michi- 
ganime  formation  will  not  be  considered. 
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111  prospecting  for  the  first  class  of  ores — those  that  rest  upon  the 
Siauio  shitc — a  trough  in  the  slate  should  be  sought.  A  plunging 
S3'ncliiie  nia}-  be  marked  by  a  swing  of  the  boundary  line  between  this 
formation  and  the  Negaunee  formation,  or  a  trough  may  be  formed  l>y 
a  combination  of  the  slate  with  a  cutting  dike  or  mass  of  greenstone, 
or  a  tj-ough  in  the  slate  may  be  supplemented  by  an  intersecting  green- 
stone.    Such  troughs  are  illustrated  by  the  mines  east  of  Negaunee. 

In  the  second  class  of  deposits — those  within  the  Negaunee  forma- 
tion— the  pitching  troughs  are  wholly  formed  by  the  intrusives.  Here 
valleys  of  the  iron-bearing  formation,  when  nearly  surrounded  by  an 
amphitheater  of  greenstone,  furnish  particularly  favorable  areas.  The 
Lake  Angeline  and  Cleveland  Lake  deposits  finely  illustrate  this. 
Where  the  Negaunee  formation  in  a  valley  is  ferruginous  slate  and 
ferruginous  chert,  rather  than  griinerite -magnetite-schist,  this  is  favor- 
able. Pitching  troughs  bottomed  by  soapstone  may  exist  underground 
which  can  not  be  discovered  at  the  surface,  since,  where  an  intersect- 
ing intrusive  is  of  small  size  and  has  been  transformed  to  soapstone, 
it  is  eroded  as  rapidl}^  as  the  Negaunee  formation,  and  thus  its  exist- 
ence is  not  discovei-ed  by  outcrop  or  any  topographic  feature. 

The  third  class  of  deposits,  the  hard  ores,  must  always  be  pros- 
pected for  near  the  contact  of  the  Negaunee  formation  and  the  Good- 
rich quartzite.  As  in  the  previous  cases,  the  ore  bodies  are  particu- 
larly likely  to  exist  if  the  two  are  folded  so  that  the  contact  forms  a 
pitching  trough;  and  if  this  be  bottomed  b}-  soapstone  the  conditions 
are  still  more  favorable  for  the  discovery  of  large  deposits. 

In  the  Marquette  district,  while,  with  other  things  equal,  slopes 
should  be  first  explored,  it  is  to  be  remembered  that  this  is  a  district 
of  thick  valley  filling;  that  a  number  of  the  ore  deposits  occur  below 
comparatively  low-lying  areas,  and  therefore  that  the  structural  factors 
above  given  should  be  controlling  considerations  rather  than  the  topo- 
graphic, although  the  latter  sliould  not  be  ignored. 

Crystdl  Fdlh  district. — In  th(>  eastern  part  of  the  southern  half 
of  the  Crystal  Falls  iron-bearing  district  tln^  explorer  should  use  the 
Hemlock  formation  as  the  k(>y  rock.  This  is  the  basal  formation  upon 
which  the  Ujiper  Iluronian  slates  are  laid  down.  The  iron-bearing 
formation  should  be  sought  near  this  volcanic  formation,  and  once 
located,  exploration  should  follow  along  its  strike.  The  majority  of 
the  ore  dei)osits  which  have  been  found  thus  far  average  about  one- 
fourth  of  a  mile  distant  from  the  Hemlock  formation.  However,  some 
of  the  ores  are  found  much  closer  to  this  formation,  as  in  the  cases  of 
the  Hemlock  and  Mansfield  mines.  Furthermore,  some  of  the  deposits 
have  been  found  as  much  as  a  mile,  or  even  more,  from  the  Hem- 
lock formation,  as  in  the  case  of  the  mines  adjacent  to  Crystal  Falls. 
The  places  adjacent  to  the  Hemlock  formation  which  are  most  favor- 
able are  those  where  the  formation  has  a  sernit^'d  outline,  swinging  in 
and  out,  showing  that  it  is  a  folded  area,  and  hence  giving  a  series  of 
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troughs  in  which  concentration  of  ore  may  occur.  Other  things  being 
equal,  this  slate  above  cmbayments  in  the  Hemlock  volcanics  should 
first  be  explored. 

In  the  western  part  of  the  southern  half  of  the  district  where  are 
located  the  mines  near  Commonwealth,  Florence,  Iron  River,  etc.,  no' 
specific  rules  can  be  given  at  present.  The  general  principle  that  the 
ores  occur  in  pitching  troughs  upon  impervious  slate  holds,  but  the 
difficultv  is  in  reference  to  ke}-  rocks.  The  rocks  which  approach 
most  closelj'  to  key  rocks  are  the  carbonaceous  and  graphitic  slates. 
These,  however,  are  ordinarily  soft,  therefore  largely  covered  with 
drift,  and  hence  verj'  difficult  to  map.  I  am  therefore  unable  to  give 
definite  rules  applicable  to  this  part  of  the  area  further  than  that  the 
search  should  l)e  either  for  iron-bearing  formation  material  itself  or 
for  the  carbonaceous  slates  and  schists,  and  that  the  prospecting  work 
should  follow  these  ht)rizons. 

I  am  not  sufficiently  familiar  with  the  relations  of  the  ore  deposits 
to  the  topography  in  the  Crystal  Falls  district  to  give  definite  rules  in 
this  matter.  However,  it  is  certain  that  here  as  elsewhere  many  of 
the  larger  mines  occur  upon  crests  or  slopes.  Illustrations  of  this  are 
the  Commonwealth  and  Florence.  However,  certain  mines  occur  in 
comparatively  low-lying  areas,  as,  for  instance,  the  Mansfield. 

Menomin<ui  dktrlct. — In  the  Menominee  district,  since  the  pitches 
of  many  of  the  ore  deposits  are  steep,  the  areas  which  reach  the 
drift  may  be  small,  and  hence  some  of  them  are  difficult  to  discover 
by  surface  work  alone.  In  this  district  there  are  four  contact  hori- 
zons along  which  search  ought  to  be  made,  as  follows:  {a)  The  top  of 
the  Randville  dolomite;  {h)  the  contact  of  the  Traders  member  with 
the  Brier  slate;  (c)  the  contact  of  the  Curr}^  member  with  the  Brier 
slate;  and  {d)  the  contact  of  the  Curry  member  with  the  Hanbury 
slate.  Where  the  contacts  are  plicated,  giving  embayments,  these  are 
especially  good  places  to  look  for  ore,  for  here  pitching  troughs  may 
be  expected.  This  is  finely  illustrated  by  the  Walpole  and  Pewabic 
mines.  The  reentrant  embayments  of  the  Randville  dolomite  have 
already  been  sufficiently  emphasized;  and,  above  all,  these  areas 
upon  which  they  open  out  are  the  most  favorable  places  for  pros- 
pecting; but  it  should  be  noted  that  an  ore  bod}',  the  main  part  of 
which  rests  upon  the  dolomite,  may  be  first  discovered  along  the  con- 
tact between  the  Traders  member  and  the  Brier  slate,  as  in  the  case  of 
the  Aragon  mine.  The  Vulcan  formation  adjacent  to  plications  of  the 
formations  above  or  below  and  adjacent  to  plications  of  the  intei-mediate 
belt  of  slate  should  be  very  closely  examined,  whether  the  plications 
seem  to  mark  anticlines  or  synclines,  for  where  subordinate  anticlines 
are  found  synclines  are  likely  to  be  adjacent.  This,  again,  is  well  illus- 
trated b}'  the  Aragon,  which  was  found  just  below  a  little  anticline  of 
the  Brier  slate. 


VAN  HisE.]  EXPLORATION.  433 

To  illiLstrate,  we  may  consider  the  southern  iron-bearing  belt 
between  Vulcan  and  Waucedah.  Here  the  southern  outline  of  the 
Randville  dolomite  should  be  represented  on  a  large-scale  map  with 
the  utmost  care.  If  natural  exposures  are  not  adequate  for  this,  the 
first  step  in  exploration  is  to  determine  this  outline  bj'  pits  through 
the  drift,  which  need  not  extend  into  the  rock.  When  the  dolomite  is 
outlined,  if  embayments  are  found,  these  locate  places  for  elaborate 
exploration.  The  embayments  may  open  to  the  east  or  to  the  west. 
The  areas  for  exploration  are  along  the  strikes  of  the  rocks  in  the 
directions  in  which  the  embayments  open.  The  distance  from  the 
head  of  the  embayments  to  which  explorations  ought  to  extend  should 
be  determined  by  studying  the  relations  of  the  ore  deposits  of  the 
Chapin,  Walpole,  Pewabic,  Norway,  and  Aragon  mines  to  the  associ- 
ated limestone  emba^yments. 

Explorations  along  the  contact  of  other  belts  of  the  iron-bearing 
members  with  the  adjacent  foi'mations  should  follow  a  similar  course. 

In  the  Menominee  district,  other  things  being  equal,  the  upper  parts 
of  slopes  are  the  most  favorable  places  for  exploration.  The  majority 
of  the  larger  deposits  are  found  on  such  elevations.  None  of  the  great 
cross  valleys  are  known  to  carry  ore  deposits.  But  it  is  to  be  remem- 
bered that  the  subordinate  cross  valleys  contain  two  great  deposits — 
the  Chapin  and  Aragon — so  that  low-lying  areas  should  not  be  neg- 
lected where  other  indications  are  favorable. 

Vermilion  district. — In  the  Vermilion  district  the  rock  in  which 
the  ore  occurs  is  red  hematitic  jasper  rather  than  the  black  magnetic 
iron-formation  material.  The  known  iron-ore  deposits  are  all  at  the 
bottom  of  the  Soudan  formation.  The  pitching  troughs  are  especially 
likely  to  oc-cur  at  the  ends  of  the  iron-formation  belts  where  the}-  are 
surrounded  upon  three  sides  by  the  Ely  greenstone.  Places  where 
the  ends  of  these  pitching  troughs  are  on  slopes,  and  amphitheaters  of 
greenstone  rise  al)ove  them,  are  especially  favorable  for  exploration. 
In  proportion  as  the  iron-bearing  lielts  are  broad  and  are  heavil}'  fer- 
ruginous jasper,  this  is  favorable  to  successful  exploration.  But  ver}' 
frequently  the  broad  jasp(>r  belts  end  not  by  a  single  fold  but  in  a 
number  of  fingers,  the  ends  of  each  of  which,  if  of  sufficienr,  magnitude, 
are  favorable  places. 

In  the  Vermilion  district  the  pitches  are  ordinarily  very  steep. 
Therefore  the  area  of  a  given  ore  deposit  which  reaches  the  rock  sur- 
•  face  is  comparatively  small.  Moreover,  the  oi-e  deposits  which  rest 
upon  greenstone  may  fail  to  reach  th(>  surface.  However,  the  explo- 
ration should  begin  at  the  contacts  of  the  Soudan  formation  with  the 
Ely  greenstone,  and  especially  at  the  ends  of  the  folds  or  fingers,  and 
should  pass  away  from  these  contacts.  This  work  at  first  should  be 
to  the  rock  surface,  as  elsewhere.  Tiie  largest  of  the  discovered  ore 
21   GEOL,  FT  3—01 30 
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depo.sits,  those  of  Soudan  Hill  and  Ely.  were  lirst  discovered  at  the 
surface,  and  Averc  traced  below  the  surface.  However,  on  account  of 
the  steepness  of  the  pitch,  the  Chandler  ore  bodv  quickl}'  passed  under 
rock,  and  could  be  reached  only  at  the  Pioneer  by  rock  work.  In  this 
district,  as  in  other  districts  where  an  ore  deposit  on  an  adjacent 
property  pitches  toward  a  property  to  ])e  explored,  this  of  course  war- 
rants rock  Avork.  Also  where  a  well-delined  pitching  trough  of  good 
size  is  found  in  which  the  rock  is  heavily  ferruginous  jasper  at  its 
base,  but  showing  no  ore  deposit  at  the  rock  surface,  diamond-drill 
work  would  be  Avarranted  to  test  the  bottom  of  the  trough.  Avith  the 
hope  of  finding  ore  deposits  Avhich  are  very  small  Avhere  they  reach 
the  surface. 
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[Ti>  luce  p.  VM  of  I'jirl  III.  Twenty-first  Aiituuil  Rei)(>rt,  l'.  S.  (Jeol.  Survey.] 

Since  the  ]Mc,sal)i  section  of  thits  paper  was  written  a  large  amount 
of  exploratory  work  has  been  done  in  that  district.  This  work  has  in 
the  main  furnished  confirmatory  evidence  for  the  conclusions  above 
given,  but  facts  have  appeared  which  require  .slig-ht  modification  of 
certain  statements. 

Many  of  the  shallow  j)itching  troughs  containing  ore  (as  in  the  Hib 
bing  gv'oup)  do  not  have  their  longer  directions  transverse  to  the  trend 
of  the  range,  but  jmrallel  to  it.  In  such  cases  minor  troughs  carry  the 
ore  to  the  south  in  tongues,  giving  the  southern  boundaries  fluted 
forms,  and  the  deposits  as  wholes  very  irregular  shapes.  While  the 
lobes  of  ore  transverse  to  the  range  may  be  marked  at  the  surface  by 
slight  topographic  depressions,  large  portions  of  such  deposits,  par- 
ticularly the  northern  portions,  are  not  confined  to  depressions. 

One  of  the  principles  which  the  senior  author  has  strongly  empha- 
sized has  l)ecn  completely  confirmed  for  the  Mesabi  district  b}'  recent 
work.  The  outlets  for  the  water  circulation  in  the  rock  troughs 
containing  oie  deposits  there,  as  elsewhere,  are  higher,  and  in  many 
cases  much  higher,  than  the  bottoms  of  the  ore  deposits.  This  is  in 
full  accoi'd  with  the  theory  of  ore  concentration  in  pitching  troughs; 
for,  as  fully  explained,  difierence  in  elevation  between  the  inlet  and 
outlet  of  a  rock  trough  will  cause  the  underground  water  to  search 
the  ground  to  a  consideraljlc  depth  below  the  level  of  tho  outlet,  and 
yet  escape  at  this  outlet.  Indeed,  such  a  circulation  was  characteristic 
during  the  formation  of  the  deposits  of  all  the  other  iron-bearing  dis- 
tricts of  the  Lake  Sui)erior  region.  But  the  Mesabi  deposits  are  so 
shallow  that  some  of  the  mining  nuMi  lia\(>  supposed  that  the  circu- 
lation was  wholly  downward;  whereas,  following  the  rule,  it  has  a 
downward  coni])oii(Mit  in  the  eai'ly  j)art  of  the  course  and  an  upward 
component  in  the  latei'  part  of  the  coiirst". 

The  occurrence  of  the  bulk  of  the  iion-orc  deposits  between  the  ele- 
vations 1,450  feet  and  l,f)00  feet  has  often  been  referred  to  by  mining 
men  as  a  guide  for  exploration.  This  does,  indeed,  furnish  a  valuable 
guide,  but  it  is  essentially  the  .same  as  one  of  the  guides  for  cxjjlora- 
tion  mentioned  in  this  paper,  i.  e..  that  the  ore  deposits  are  to  be 
looked  for  in  middle  or  lower  horizons  of  the  iron-bearing  formation, 
which  for  the  nl()^t  i)art  lie  l)etween  these  levels.     If  the  ore  deposits 
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are  concentrates  formed  by  underground  waters  working  down  the 
south  slope  of  the  range,  it  is  clear,  as  fully  explained  in  the  body  of 
the  paper,  that  the  maximum  activity  of  this  water  will  be  along  the 
middle  slopes.  Along  the  productive  part  of  the  range,  the  lowest 
ground  to  the  south  has  an  elevation  in  the  neighborhood  of  1,350  to 
1,J:00  feet,  while  the  highest  ground  to  the  north  varies  in  height  from 
1,600  to  1,800  feet,  and  the  northern  and  southern  boundaries  of  the 
iron -bearing  formation  lie  within  even  closer  limits. 

The  middle  slopes  of  the  range  and  also  of  the  iron  formation  are 
thus  somewhere  between  the  l,-i50-foot  and  1,000-foot  levels;  and 
here  are  found  the  bulk  of  the  iron-ore  deposits.  In  other  words,  the 
laws  of  concentration  ))y  underground  water  given  in  the  paper  show 
why  the  bulk  of  the  deposits  are  necessarily  at  middle  slopes,  and 
therefore  somewhere  between  elevations  of  1,450  and  1,600  feet.  Yet 
an  examination  of  the  map  shows  ditferences  in  elevation  of  the  surfaces 
of  deposits  in  certain  cases  as  great  as  200  feet;  and  such  variations  in 
the  productive  part  of  the  district,  where  the  maxinuim  ditl'erence  in 
elevation  of  the  borders  of  the  iron-bearing  formation  does  not  exceed 
•100  feet,  show  that  the  so-called  "rule"  is  a  most  elastic  one.  It  is 
clear  that  the  fortunate  combination  of  the  many  factors  mentioned  in 
this  paper  are  necessary  for  the  concentration  of  the  deposits. 

During  the  present  activity  in  exploration  the  western  Mesabi  lands 
are  receiving  considei'al)le  attention,  and  several  deposits  of  low-grade 
ore,  some  of  them  before  known,  have  been  exploited.  Much  of  this 
ore  is  at  present  not  marketable  because  of  a  considerable  content  of 
silica  in  a  loose  form,  resembling  sand,  but  most  of  it  is  likely  ulti- 
mately to  lind  sale. 


THE  ARKANSAS  BAUXITE  DEPOSITS 


CIIA11I.KS  AVILLARI)    HAYES 


435 


CONTENTS. 


Page. 

Distribution  of  Ixanxite  deposits  in  the  United  States 441 

Location  of  tlie  Arkansas  bauxite  region 442 

General  geologic  and  physiographic  relations 443 

Detailed  description  of  the  bauxite  deposits 446 

Bryant  district 44t) 

Igneous  rocks 446 

Kaolinized  syenite,  or  chimney  rock 447 

Tertiary  and  later  formations 44S 

Bauxite 449 

Fourche  Mountain  district 454 

Igneous  rocks 4o5 

Bauxite 456 

Isolated  deposits 459 

Mabelvale 459 

Alexander 460 

Bryant 460 

Bearden 460 

Origin  of  the  dej^sits 4()1 

Economic  relations 466 

Develo])ment 466 

Amount  of  ore 468 

Quality  of  the  ores 470 

Mining  and  i)n'paration  of  ore  for  market 471 

437 


ILLUSTRATIONS. 


Page. 

Platk  LX.  General  map  of  the  bauxite  districts 441 

LXI.  Map  of  the  Bryant  district 44»j 

LXII.  A  and  7>,  Outcrop  of  bauxite  bed  in  ^McCirncs  Iliilldw,  Ilrvaiit  dis- 
trict    44S 

LXIII.  Map  of  the  Fourche  Mountain  district 454 

LXIV.  J,  Bauxite  bed  exposed  in  mining;  //,. Method  of  niiiiimr  bauxite.  472 

439 


TWENTY-FIRST   ANNUAL    REPORT     PART    III    PL.    LX 


gkni<:hai.  map 


ARKANSAS  I5AUXITK  DISTINCT 


(;<>()lo£>ic;Al  bound.nics  (•lit(>ny  fixjiii  i'e])()rt.s  ol"  the 
Arkjinsii.s  (W^ol^.^ictiJ  Supvcy 


TEKTIAHY 


HF.OKNT  SEIMMKNTS  SEIMMKNTARVniXK 


Contourinii>i-\-iil5()f(H'l 
LEGEND 
PALEOZOIC 

RArXITK 


KINKOITS  ROCK.- 


UncotisolidiUod  gnivrl 
Siuxliuuldav 


THE  ARKANSAS  BAUXITE  DEPOSITS. 


Bv  Chaklks  AVillard  Hayes. 


DISTRIBFTIOX   OF  BAUXITE    DEPOSITS    IX    THE    TJISTTED 
STATES. 

Although  aluminum  is  one  of  the  commonest  of  the  elements  which 
enter  into  the  comj^osition  of  the  earth's  crust,  it  usually  occurs  in 
combination  with  silica  as  silicate,  and  the  oxide  is  comparatively  rare. 
Like  iron,  the  metal  forms  a  number  of  oxides  varying  widelv  in  their 
physical  properties,  which  depend  chiefly  on  the  amount  of  water  con- 
tained in  combination.  Thus  corundum,  the  anhydrous  oxide  AljOj, 
is  found  in  small  quantities  associated  usually  with  crystalline  rocks. 
Diaspore,  Al^Oj  H.,0,  and  gibbsite,  Al^Og  .SH,0,  the  first  containing 
less  and  the  second  more  water  than  bauxite,  are  found  somewhat  more 
widely  disseminated  than  corundum,  but  always  in  small  quantities. 
The  only  oxide  which  is  found  in  sufficient  ([uantity  to  form  an  impor- 
tant ore  of  the  metal  is  bauxite.  When  pure  this  mineral  has  the 
formula  AIX);,  ^HjO,  although  the  propoi-tiou  of  water  shows  con- 
siderable variation  and  the  aluminum  may  be  partly  replaced  by  iron. 
Ordinary  bauxite,  like  the  analogous  hydrated  sesquioxide  of  iron, 
limonite,  pr()bal)ly  contains  several  hydroxides  in  varying  proportions. 
It  also  generally  contains  a  variable  amount  of  silica,  which  accompanies 
it  as  an  impui-ity. 

Bauxite  has  Ix-cu  discovered  in  commercial  quantities  at  only  three 
localities  in  tlie  United  States.  These  are  the  Georgia-Alabama  district, 
a  small  district  in  southwestern  New  Mexico,  and  the  Arkansas  dis- 
trict. The  (rcorgia-Alabama  district  has  been  described  by  McCalle}',* 
Spencer,''  and  the  present  writer. ■''  The  only  account  of  the  New 
Mexico  district  is  that  published  by  Blake,*  while  the  Arkansas  deposits 
have  been  descril)ed  l)v  Branner"^  and  Williams." 


1  Alabama  bauxite,  by  Henry  McCalley:  Proc.  Ala.  Indus,  and  Sci.  Soc.,  1S92. 

-The  Paleozoic  grmip.  the  peology  of  ten  eounties  of  northwestern  Georgia,  by  J.  \V.  Spencer:  <ieol. 
Survey  Georgia,  Atlanta,  1.S98. 

^Bauxite,  by  C.  \V.  Hayes:  Sixteenth  Ann.  Kept.  V.  S.  (ieol.  Survey,  1894-95,  Part  III. 

<Alunogen  an<l  l.MUxitc  of  New  Mexico,  by  William  P.  Blake:  Trans.  Am.  Inst.  Min.  Eng.,  Vol. 
XXIV.1894. 

"Bauxite  In  Arkaii>a>,  by  .I.C.  Branner:  Am.  Geol.,  March.  1X91.  The  bauxite  deposits  of  Arkansas, 
by  J.  C.  Branner:  .lour.  (ieol..  Vol.  V,  1897. 

•Igneous  rocks  of  Arkansas,  by  J.  F.  Williams:  Ann.  Kept.  Geol.  Survey  Arkansas,  l,S'.x>.  Vol.  II. 
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In  the  report  on  the  Georgia- Alabama  district  l)y  the  present 
writer,  it  was  pointed  out  that  the  ore  there  occurred  in  small  isolated 
deposits,  which  would  probaldy  be  exhausted  within  ten  3'ears  from  the 
time  the  report  was  made,  in  1894.  Since  then  the  demand  for  the  ore 
has  increased,  and  the  deposits  may  possibly  be  exhausted  before  the 
expiration  of  the  time  estimated.  Three  companies  have  been  actively 
engaged  in  mining  bauxite  in  this  district;  one  of  these  has  exhausted 
all  of  the  deposits  which  it  controlled,  another  is  working  upon  its  last 
deposit,  and  the  third  has  left  less  than  half  a  dozen  which  contain  any 
considerable  amount  of  ore.  The  constantly  increasing  demand  for  the 
ore  and  the  prospective  exhaustion  of  these  deposits  in  the  near  future 
have  compelled  the  operators  to  seek  another  field.  Anticipating  this 
necessity,  two  of  the  companies  operating  in  the  Georgia-Alabama  dis- 
trict have  invested  heavily  in  the  Arkansas  district,  and  two  additional 
companies  have  recently  been  organized  in  the  latter  field. 

The  Ai'kansas  deposits  have  been  known  since  1891,  when  the}'  were 
briefly  described  by  the  State  geologist,  but  owing  to  the  abundant 
supply  of  ore  in  the  more  accessible  district  they  received  little  atten- 
tion until  it  became  evident  that  the  deposits  of  the  latter  would  shortly 
be  exhausted.  Onlv  a  small  quantity  of  ore  has  yet  been  shipped  from 
Arkansas,  Init  preimrations  are  being  made  for  a  large  output  in  the 
near  future.  Additional  railroad  facilities  have  recenth'  been  secui'ed, 
so  that  the  difficulties  of  transportation  have  been  largely  overcome. 

The  field  work  on  which  the  following  report  is  based  occupied 
about  four  weeks  in  the  spring  of  1900.  The  writer  wishes  to  express 
his  obligation  for  courtesies  and  assistance  extended  to  him  in  the 
prosecution  of  the  work,  particularly  1)y  Messrs.  Perr}-  and  McKenzie, 
general  manager  and  superintendent  of  the  Southern  Bauxite  Com- 
pany: and  to  Mr.  George  Nethercutt,  superintendent  of  the  Illinois 
Chemical  Company's  mines. 

liOCATIOX   OF   TII>:  ARKAXSAS   BAl'XITK   REGIOX. 

The  bauxite  deposits  in  Arkansas  are,  so  far  as  known,  confined  to 
a  small  area  lying  south  and  southwest  of  the  city  of  Little  Rock. 
The  region  is  about  20  iniles  in  length  and  5  or  0  miles  in  breadth,  its 
longer  axis  extending  northeast  and  southwest.  It  lies  in  the  southern 
part  of  Pulaski  County  and  in  the  northern  part  of  Saline  County. 
The  location  of  the  region  and  its  general  geographic  relations  ai'e 
shown  on  the  accompanying  map  (PI.  LX).  By  far  the  larger  num- 
l)er  and  more  important  deposits  are  found  in  two  small  districts, 
occupying  the  extremities  of  this  region.  The  northeastern  is  the 
Foiirche  Mountain  district,  which  extends  about  5  miles  southward 
from  the  citj^  limits  of  Little  Rock,  and  embraces  Fourche  Mountain 
and  the  associated  areas  of  igneous  rocks.  The  second  district,  which 
is  the  more  important  of  the  two,  occupies  the  southwestern  extremity 
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of  the  region,  embracing  about  12  square  miles  in  Bryant  Township. 
Between  these  two  subdistriets  are  several  isolated  deposits  of  the  ore, 
generally  without  any  associated  igneous  rocks,  but  so  distributed  as 
to  connect  the  main  deposits  at  the  extremities  of  the  region. 

GEXERAL,   GEOJ.OGIC    AXD    PHYSIOGRAPHIC   RELATIONS. 

The  geolog}'  of  the  region  southwest  of  Little  Rock  has  been 
studied  by  the  Arkansas  geological  survey,  and  the  following  outline 
of  its  geologic  history  is  derived  largely  from  the  State  survey 
reports: 

The  region  is  occupied  by  three  distinct  groups  of  rocks.  These  are 
the  Paleozoic  sediments  on  the  northwest,  the  Tertiar}^  and  recent 
sediments  on  the  southeast,  and  the  areas  of  intrusive  igneous  rocks 
which  occur  in  the  two  bauxite  districts  above  outlined.  The  bound- 
ary between  the  Paleozoic  and  Tertiary  formations  extends  .south- 
westward  from  the  western  edge  of  Little  Rock  approximately  par- 
allel with  and  a  short  distance  to  the  west  of  Fourche  Creek.  This 
line,  as  shown  on  the  accompanying  map,  is  taken  from  Griswold's 
report*  on  the  novaculite  region.  To  the  west  of  this  line  the  rocks 
are  chiefly  shales,  with  beds  of  novaculite,  and  belong  to  the  Lower 
Carboniferous  and  Lower  Silurian.  These  beds  have  been  intensely 
compressed  and  thrown  into  a  series  of  folds  whose  axes  in  this  par- 
ticular region  extend  about  N.  60°  W.  The  structure  of  these  rocks  is 
very  similar  to  that  found  in  the  southern  Appalachian  region  of  Tennes- 
see, Georgia,  and  Alabama,  and,  like  the  latter,  the  folding  to  which 
it  is  due  probably  culminated  at  the  close  of  the  Carboniferous.  It  is 
impossil)le  to  determine  definitely  whether  or  not  these  folds  in 
Arkansas  are  continuous  with  those  of  northern  Alabama,  since  the 
intervening  region  is  occupied  by  later  sediments  which  efi'ectually 
conceal  the  older  rocks.  The  two  regions,  however,  present  so  many 
.similarities  that  it  appear-s  more  than  probal)le  that  the  folds,  if  not 
absolutely  continuous,  are  at  least  very  closely  related,  alike  in  their 
age,  the  cluuacter  of  the  rocks  in  which  they  occur,  the  date  of  their 
origin,  and  tlie  nature  of  the  forc(>s  In'  which  they  were  produced. 
The  folding  of  the  rocks  was  followed  by  a  long  period  of  erosion, 
which  probai)ly  several  times  reduced  the  region  to  a  nearly  featureless 
plain.  It  remained  an  area  of  dry  land  until  late  in  Cretaceous  time, 
when  it  was  invaded  by  the  sea  and  the  older  rocks  were  covered  by 
Cretaceous  sediments  for  some  distance  north  of  the  present  Tertiary 
boundary.  Tlii>  region  was  again  ehnated  and  the  marginal  Creta- 
ceous sediments  were  removed,  wiiile  at  the  .same  time  the  surface 
imderlain  by  tiie  older  rocks  was  deeply  etched,  the  softer  rocks  being 
removed  and  the  harder  ones  left  as  ridges  standing  above  the  general 

'Whetstones  mid  imvuculites  of  Arkansus,  by  L.  s.  (Jriswold:  Ann.  Kept.  Geo).  Survey  .\rkansa.s, 
1890,  Vol.  m. 
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level.  The  material  thus  removed  was  carried  toward  the  southeast 
and  deposited.  In  later  Tertiar}'  time  the  region  was  again  slightly 
depressed  and  the  sea  advanced  somewhat  bej'ond  the  present  limits 
of  the  Tertiary'  sediments.  The  materials  laid  down  in  this  Tertiary 
sea  were  chiefl}^  claA'S  containing  considerable  vegetable  matter,  a  few 
marly  limestones,  and,  finally,  a  great  mass  of  sand  and  coarse  gravel. 
A  plain  sloping  gently  to  the  southeast  was  built  up  along  the  margin 
of  the  older  rocks.  Its  surface  near  the  inland  margin  was  composed 
of  coarse  material  derived  in  part  direct!}-  from  the  older  rocks  to  the 
northwest  and  in  part  from  the  underlying  Cretaceous  and  Tertiaiy 
beds,  which  had  been  many  times  worked  over  by  the  waves.  The 
coarse  reworked  material  was,  therefore,  most  abundant  within  a 
narrow  zone  along  the  former  sea  margin  where  wave  action  was  most 
effective,  the  fine  material  having  been  carried  by  littoral  currents  to 
a  greater  or  less  distance  seaward.  These  gravels,  which  originallj^ 
formed  a  continuous  sheet  over  a  belt  bordering  the  old  Paleozoic  land, 
have  been  correlated  by  Hill  and  McGee  with  the  Lafayette  formation 
of  the  Gulf  and  Atlantic  States.  They  were  doubtless  deposited  for 
the  most  part  approximately  at  sea  level,  but  may  also  be  due  in  some 
measure  to  the  deposition  of  streams  upon  their  flood  plains. 

At  some  period  after  the  folding  of  the  Paleozoic  rocks,  and  proba- 
bl}'  also  after  the  greater  part  of  the  erosion  which  these  beds  have 
suffered  was  accomplished,  the}'  were  invaded  b}-  intrusive  igneous 
rocks.  The  time  of  this  intrusion  has  not  been  accurately  determined, 
but,  according  to  J.  Francis  Williams,  it  probably  occurred  some  time 
during  the  Cretaceous.  If  most  of  the  erosion  of  the  older  rocks  had 
been  accomplished  as  he  is  inclined  to  believe,  it  must  have  occurred 
late  in  Cretaceous  time.  Great  masses  of  molten  material  were  forced 
up  from  below,  probably  doming  the  strata  over  them  and  filling 
cracks  in  the  overlving  rocks,  thus  producing  dikes.  Some  of  the 
latter  ma}-  have  reached  the  surface,  but  there  is  no  evidence  that  this 
region  was  at  an}'  time  the  locus  of  extensive  volcanic  activity.  The 
continued  erosion  of  the  surface,  following  the  intrusion  of  these  igne- 
ous rocks,  almost  completely  removed  the  sedimentary  cover  before 
the  deposition  of  the  Tertiary  sands  and  clays.  Immediately  follow- 
ing this  removal  of  the  sedimentary  rocks,  and  before  the  igneous 
rocks  were  again  covered  by  the  Tertiary  sediments,  the  conditions 
were  favorable  for  the  formation  of  bauxite.  This  was  deposited  as  a 
more  or  less  continuous  sheet,  covering  the  surface  of  the  igneous  rocks 
and  extending  beyond  their  margins,  where  it  was  interstratified  with 
the  Tertiary  sediments  laid  down  before  and  after  its  formation. 

Toward  the  end  of  Tertiary  time  the  region  was  elevated.  The  sea 
margin  retired  toward  the  southeast,  and  the  streams  flowing  from  the 
Paleozoic  highland  on  the  northwest  extended  their  lower  courses 
across  the  littoral  belt  to  the  margin  of  the  retreating  sea.     Erosion  in 
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the  newly  emerged,  unconsolidated  deposits  was  rapid,  and  the  con- 
structional plain  bordering  the  Paleozoic  land  was  deeply  dissected. 
The  region  has  probably  sutfered  several  oscillations  since  Tertiary 
time,  but  these  have  been  onl}-  of  minor  importance,  and  their  dura- 
tion was  not  sufficient  for  the  formation  of  well-marked  coast  lines. 

The  present  topography  of  the  region  bears  witness  to  these  various 
episodes  through  which  it  has  passed.  To  the  northwest  of  the  bound- 
ary separating  the  Paleozoic  and  Tertiaiy  formations  the  surface  is 
characterized  by  a  number  of  parallel  ridges  extending  about  N.  60^  W, 
These  are  formed  bv  the  outcropping  edges  of  hard  Paleozoic  strata, 
the  intervening  vallej'S  being  upon  softer  rocks.  The  topographic  fea- 
tures in  this  part  of  the  area  are,  therefore,  due  largely  to  differential 
erosion,  and  the  relief  bears  a  very  close  relation  to  the  structure. 
Southeast  of  the  Paleozoic  boundarv  the  topography  belongs  to  an 
entirely  distinct  type,  that  of  a  deeply  dissected  plateau.  This  plateau 
was  formed  of  horizontally  bedded  materials  almost  entirely  uncon- 
solidated, and  hence  the  present  topography  has  not  been  determined 
by  differences  in  the  character  of  the  rocks  or  by  structure.  The 
streams  flow  in  broad,  level  valleys  which  extend  nearly  to  their  head- 
waters. The  cols  between  opposing  streams  are  low  and  broad,  and 
only  the  smallest  tributaries  are  cutting  their  channels.  In  some 
places  the  Tertiary  sands  have  been  consolidated  by  iron  oxide,  form- 
ing a  ferruginous  sandstone,  and  this  has  to  some  extent  helped  in 
the  preservation  of  certain  portions  of  the  original  plateau  surface. 
The  same  effect  has  been  produced  where  the  gravel  forming  the 
upper  surface  was  exceptionall}'  coarse  and  heavy.  The  effect  of 
these  two  factors,  however,  has  been  only  slight,  and  the  preservation 
of  those  portions  of  the  plateau  w'hich  remain  depends  more  largely 
upon  their  location  with  reference  to  the  main  drainage  lines.  The 
largest  areas  of  the  plateau  surface  which  remain  in  the  district  under 
consideration  are  just  south  of  Alexander  and  between  the  waters  of 
Hurricane  and  Holly  creeks  south  of  Bryant.  The  surface  of  these 
remnants  of  the  plateau  is  slightly  rolling,  generally  covered  with 
coarse  quartz  and  (luai'tzite  pebbles,  and  limited  by  abrupt  slopes  to 
the  ravines  which  deeply  indent  its  margins.  It  is  probable  that  the 
surface  of  the  igneous  rocks  from  which  the  original  cover  of  Paleozoic 
rocks  had  been  removed  w-as  entirely  covered  by  the  Tertiary  sedi- 
ments. When  erosion  was  renewed  on  the  plateau  surface  by  the  ele- 
vation of  th(»  region  the  downward-cutting  streams  soon  encountered 
the  granite  and  were  turned  aside  to  the  less  resistant  sands  and  clays. 
The  surface  of  the  syenite  has,  therefore,  suffered  little  change  since 
it  was  uncovered.  The  Fourche  Mountiiin  region  is  near  the  Arkansas 
River,  where  erosion  has  })een  most  active,  so  that  the  greater  part  of 
the  Tertiary  cover  has  lioen  removed,  and  the  ridges  of  igneous  rocks 
stand  up  boldly  above  the  surrounding  level  or  undulating  plain.     It 
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is  probable  that  if  the  region  were  elevated  100  feet  or  less,  and  the 
streams  thereby  again  stimulated,  the  whole  of  the  Tertiary  cover 
between  Fourche  Mountain  and  the  Paleozoic  rocks  to  the  northwest 
would  quickly  be  removed.  There  is  little  doubt  that  this  intervening 
region  is  occupied  chiefly  by  Paleozoic  rocks  under  a  thin  cover  of 
Tertiary. 

In  the  BrA-ant  district  conditions  of  erosion  have  been  less  favorable 
and  the  syenite  surface  is  less  completely  uncovered.  The  highest 
land  here,  instead  of  being  formed  1)y  syenite  ridges,  as  in  the  Fourche 
Mountain  district,  consists  of  remnants  of  the  Tertiary  plain.  The 
syenitic  areas  occupy  intermediate  elevations  between  the  old  plateau 
and  the  valleys  of  the  larger  streams.  Their  outlines  in  this  region 
are  extremeh'  irregular,  owing  to  the  irregular  manner  in  which  the 
cover  has  l)een  removed  l)y  erosion.  As  will  be  shown  later,  the  syenite 
in  the  Bryant  district  is  diflerent  from  the  prevailing  type  in  the 
Fourche  Mountain  district,  and  the  foi-ms  ^v^hich  the  two  varieties 
assume  on  weathering  are  quite  distinct.  This  accounts  in  part  for  the 
differences  in  form  of  the  svenitic  areas  in  the  two  districts,  the  dif- 
ferent stages  of  erosion,  however,  being  the  chief  factor  in  producing 
the  differences  in  form. 

DETAILED   DESCRIPTION  OF  THE   BAUXITE   DEPOSITS. 

The  two  districts  outlined  above  will  be  taken  up  separately  and 
described  in  some  detail,  since  each  possesses  certain  peculiarities. 
The  isolated  deposits  will  then  be  described. 

BRYANT    DISTRICT. 

This  district  is  represented  on  the  accompanving  map  (PI.  LXI). 
It  lies  in  T.  2  S.,  R.  14  W.,  and  covers  between  8  and  9  square  miles. 

The  formations  to  be  considered  are  (1)  igneous  rocks,  (2)  kaolin,  or 
chimne}'  rock,  and  (3)  Tertiar}'  and  later  sediments,  including  bauxite. 

IGNEOUS    ROCKS. 

The  igneous  rocks  have  been  studied  and  described  by  the  late 
J.  Francis  "Williams,  of  the  Arkansas  geological  survey.  The  prevail- 
ing variety  in  this  region  is  eleolite-svenite,  which  is  described  as 
follows:' 

It  is  a  light-gray  rock,  with  occasionallj-  a  pinkish  or  buff  tinge  given  it  by  the 
fiesh-colored  or  yellowish  eleolite  crystals.  In  general  it  is  coarse-grained,  )jut  it 
varies  extremely  in  this  regard.  It  presents  macroscopically  a  trachytic  structure, 
which  occasionally  inclines  toward  a  porphyritic  structure  on  account  of  a  diminu- 
tion in  the  size  of  all  the  constituents  except  the  feldspar. 

A  pegmatitic  appearance  is  very  common  and  is  due  to  the  peculiar  arrangement 

1  The  igneous  rocks  of  Arkansas,  by  J.  Francis  Williams:  Ann.  Kept.  Geol.  Survey  Arkansas,  1890,  Vol. 
II,  pp.130,  131;  alsop.127. 
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of  the  large  tabular  feldspars.  Feldspar  and  eleolite  are  easily  recognized  niacro- 
scopically,  but  the  basic  silicates  present  are  usually  too  small  to  be  identified  by  the 
naked  eye. 

For  the  most  part  it  appears  in  large,  flat,  horizontal,  or  slightly  sloping  areas  of 
smooth  rock.  Where  enough  soil  has  collected  on  these  areas  to  allow  of  it,  they 
are  usually  covered  with  a  dense  growth  of  cedars.  It  is,  however,  quite  common 
to  find  open  spaces  of  l)are  rock  an  acre  or  more  in  extent  completely  surrounded  by 
a  belt  of  trees;  such  openings  are  known  as  "cedar  glades.."  In  these  glades  the 
surface  of  the  rock  is  generally  smooth,  and  it  is  not  an  uncommon  thing  to  find 
spaces  containing  several  thousand  square  feet  completely  free  from  cracks  or  joints 
of  any  kind. 

Thi.s  rock,  in  the  strict  petrographic  sense,  is  a  S3-enite  and  not  a 
granite,  and  although  the  latter  term  is  universall}'  emplo3'ed  ))y  the 
inhabitants  of  the  region,  and  also  commercially,  it  appears  preferable 
to  use  the  less  familiar  but  more  accurate  term  sj^enite. 

The  outlines  of  the  syenite  represented  on  the  map  accompanying 
the  report  above  cited  were  found  to  be  incorrect  in  manj^  particulars. 
These  boundaries  were,  therefore,  traversed  and  accurately  mapped  in 
connection  with  the  stud}'  of  the  associated  l)auxite.  In  some  cases 
the  cover  of  sand  is  thin  and  contains  numerous  bowlders  of  the  under- 
Ijnng  igneous  rocks,  so  that  the  exact  extent  of  the  outcrops  of  the 
latter  is  difficult  to  determine.  Generally,  however,  the  boundaries 
are  perfectly  sharp.  In  addition  to  the  typical  eleolite-syenite,  which 
consists  essentially  of  orthoclase  and  eleolite,  another  variety  also 
occurs  in  which  the  orthoclase  is  nior(>  or  less  completel}'  replaced  by 
plagioclase.  The  latter  differs,  however,  onlv  slightly  from  the  typ- 
ical rock  and  a  microscopic  examination  is  necessaiy  to  discriminate 
the  two  varieties.  There  are  also  porphyritic  phases  and  some  dikes, 
but  these  are  unimportant  in  the  present  connection. 

KAOI.IMZKl)   SYENITK,    OK   CHIMNEY  ROCK. 

"Wherever  the  surface  of  the  syenite  is  protected  from  active  erosion 
and  yet  is  within  reach  of  atmospheric  agencies,  it  is  covered  by  a  for- 
mation probably  varying  in  thickness  from  30  to  60  feet,  and  evidently 
derived  from  the  underlying  rock  by  the  ordinar}'  process  of  rock 
decay.  This  consists  es.sentially  of  kaolin,  the  hydrated  silicate  of  alu- 
minum. It  is  generalh'  white  except  where  stained  b}'  the  percolation 
of  iron-bearing  solutions.  It  can  be  easily  cut,  and  quickly  disinte- 
grat(>s  when  exposed  to  the  weather  in  such  a  position  as  to  absorb 
moisture.  Where  it  is  slightly  protected,  however,  it  becomes  quite 
hard  after  a  shoi't  exposure  to  the  air.  This  material  is  locally  used 
for  building  chimneys,  being  sawed  out  in  blocks  of  the  required  size 
with  an  ordinary  cios.scut  saw.  Although  it  appears  to  l)e  entirely  homo- 
geneous and  without  structure  when  cut.  the  fractured  surfaces,  after 
exposure  to  the  weather  for  a  short  time,  generally  show,  more  or  less 
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distinctly,  the  structure  of  the  syenite  from  which  it  was  derived.  The 
downward  percolation  of  surface  waters  sometimes  gives  it  the  appear- 
ance of  stratification,  but  no  true  stratification  has  been  observed  in 
this  rock.  The  thoroughly  kaolinized  phase  is  separated  from  the 
fresh  syenite  by  an  intermediate  zone  in  which  the  alteration  is  only 
partial.  This  retains  the  structure  of  the  original  rock,  but  is  changed 
in  color  and  crumbles  readily  to  sand.  The  feldspar  crystals  retain 
their  form,  although  they  have  undergone  considerable  alteration. 
This  intermediate  layer  is  probabh'  not  more  than  3  to  G  feet  in  thick- 
ness, although  it  was  difficult  to  obtain  anything  approaching  exact 
measurements.  The  laver  of  kaolinized  syenite  is  readily  eroded,  so 
that  natural  outcrops  are  extremely  rare.  Its  outcrops  are  generally 
represented  In'  a  zone,  surrounding  the  syenite  areas,  covered  with 
feldspathic  sandy  soil  and  occasional  })owldcrs  of  the  S3'enite  itself. 
Where  the  surrounding  Tertiary  sands  are  higher  than  the  syenite 
surface  the  soil  covering  the  kaolin  zone  is  composed  of  sand  derived 
from  the  former  rather  than  the  latter.  It  is  impossible  to  say  how 
far  this  altered  phase  of  the  syenite  extends  under  the  cover  of  Ter- 
tiary sediments.  If  the  conclusion  is  correct  that  the  alteration  is  due 
to  the  action  of  percolating  surface  waters,  it  can  not  extend  beyond 
the  influence  of  the  latter.  It  is  probable,  therefore,  that  under  a 
thickness  of  100  or  200  feet  of  Tertiary  sediments  the  surface  of  the 
syenite  would  be  found  nearl}'  or  quite  fresh. 

TERTIARr  AND   LATER   FORMATIONS. 

These  may  be  divided  into  two  classes,  the  first  composed  of  detrital 
deposits,  chiefly  gravel,  sands,  and  clays,  and  the  second  of  chemical 
deposits,  bauxite  and  associated  halloysite,  gibbsite,  and  kaolinite.  The 
first  class  comprises  (1)  stratified  marine  sediments  and  (2)  unstrati- 
fied  fluviatile  and  beach  deposits.  This  region  has  been  studied  and 
described  by  Harris.'  Hill,^  and  McGee.' 

According  to  Harris,  the  marine  sediments  belong  to  two  forma- 
tions, the  Midwav  and  the  Lignitic.  The  Midway  is  relatively  unim- 
portant, consisting  of  some  inches  of  impure  limestone,  observed  at  a 
few  points  in  the  vicinity  of  Little  Rock.  The  Lignitic,  on  the  other- 
hand,  consists  of  sands,  sand}'^  clays,  and  beds  of  lignite,  and  has  a 
thickness  of  several  hundred  feet.  Its  materials  show  rapid  alterna- 
tions in  character,  both  horizontal!}^  and  vertically,  changing  from 
black  carbonaceous  claj'  to  coarse  white  or  yellow  sand  and  gravel. 
Occasionally  the  sand  beds  have  become  cemented  by  iron,  forming 
layers  of  brown  or  red  sandstone.     In  some  places,  as  at  the  northern 

'  The  Tertiary  geology  of  southern  Arkansas,  by  Gilbert  D.  Harris:  Ann.  Kept.  Geol.  Survey  Arkan- 
sas, 1892,  Vol.  II. 

2 The  Neozoic  geology  of  southwestern  Arkansas,  by  Robert  T.  Hill:  Ann.  Rept.  Geol.  Survey 
Arkansas,  1888,  Vol.  II. 

3The  Lafayette  formation,  by  W  J  McGee:  Twelfth  Ann.  Rept.  U.  S.  Geol.  Survey,  1890-91,  Pt.  I. 
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edge  of  Saline  County,  these  beds  are  sufficiently  thick  and  uniform  to 
be  quarried  for  building-  stone. 

The  greater  part  of  the  surface  underlain  b}'  these  Tertiary  sedi- 
ments is  composed  of  a  later  unstratitied  deposit.  This  consists  of 
sand  and  gravel,  in  part  the  coarser  constituents  of  the  underlying 
formations  and  in  part  foreign  material  derived  from  the  older  forma- 
tions to  the  northwest.  This  is  called  the  Lafayette  formation  by 
McGee,  and  is  correlated  with  similar  material  whi<'h  occupies  a  corre- 
sponding position  east  of  the  Mississippi  embaA^ment.  Harris  does 
not  give  it  a  distinctive  name,  but  refers  to  it  as  "reworked," 
"rehandled,"  or  "rearranged"  material,  in  distinction  from  the  strati- 
fied and  laminated  material  on  which  it  rests.  His  view  as  to  the  origin 
of  the  material  is  indicated  by  the  terms  which  he  applies  to  it.  Hill 
names  this  material  the  Plateau  gravels,  and  subdivides  it  into  a  strati- 
fied division,  now  occupying  only  the  high,  flat  stream  divides,  and  an 
unstratified  division,  consisting  of  the  debris  from  the  former  redis- 
tributed ov.er  terraces  and  lowlands.  He  correlates  it  with  the  Uvalde 
formation  of  southwestern  Texas  and  with  the  Lafayette  formation  of 
the  Gulf  and  Atlantic  States. 

This  broad  belt  of  coarse  material  evidently  marks  the  position  of  a 
fluctuating  coast  line,  and  is  in  part  a  beach  formation  and  in  pai't  the 
product  of  rapid  meandering  streams.  Jt  doubtless  originally  formed 
a  rather  uniform  layer  covering  a  smooth  plain,  the  coarsest  material 
being  on  the  landward  or  northwest  side  of  the  belt,  and  growing 
gradually  finer  seaward — that  is,  toward  the  southeast.  As  the  land 
rose  and  was  trenched  b}'  streams,  the  fine  sands  and  clays  of  the 
underlying  beds  were  more  easil}'  removed  than  the  coarse  gravel, 
and  the  latter  was  largely  rearranged  ui)()n  the  new  slopes  and  stream 
terraces. 

HAIXITK. 

As  stated  al)ove.  the  chemical  deposits  grouped  under  the  general 
term  bauxite  may  be  regarded,  in  this  district  at  least,  as  the  basal 
members  of  the  'J'ertiary.  They  difi'er  radically  in  appearance,  com- 
position, and  origin  from  all  the  other  overlying  Tertiary  formations. 
While  largely  a  chemical  ])recipitate,  the  bauxite  has  some  features 
which  characterizes  ordinary  detrital  sediments.  The  most  striking  of 
these  is  its  occurrence  in  the  form  of  a  bed  having  great  lateral  extent 
compared  with  its  thickness.  There  is  also  some  degree  of  stratifica- 
tion, the  upper  and  lower  portions  of  the  l)ed  differing  somewhat  uni- 
formly in  composition  over  the  whole  district. 

The  bauxite  bed  rests  directly  upon  the  kaolinized  syenite  or  chim- 
ney rock,  <lescril)ed  on  a  previous  page.  As  shown  on  the  map  of  the 
district  (PI.  LXI),  its  outcrops  are  in  contact  on  one  side  with  the 
overlying  sands  and  gravels  and  on  the  other  with  the  underlying 
21  UEoi.,  IT  3—01 31 
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kaolin.  They  ai-e  separated  from  the  syenite  by  a  narrow  belt  occu- 
pied by  the  outcrop  of  the  kaolin.  Since  the  latter  is  much  softer 
than  either  the  syenite  or  the  bauxite,  it  is  more  readil}-^  eroded,  and  its 
outcrop  generalh'  occupies  a  shallow  depression  between  the  harder 
syenite  and  bauxite  on  either  side.  The  unconsolidated  Tertiary  sands 
and  cla3's  are  also  more  readil}'  eroded  than  the  bauxite,  so  that  where 
erosion  is  well  advanced  the  bauxite  outcrop  is  apt  to  form  a  low  ridge. 
The  surface  of  the  s\'enite  is  undulating,  and  the  bauxite  bed,  which 
conforms  to  that  surface,  presents  corresponding  undulations.  The 
altitude  at  which  its  present  outcrop  is  found  varies  between  320  and 
54rO  feet  above  tide,  and  it  is  probable  that  if  those  portions  of  the  bed 
which  have  been  removed  by  erosion  were  compared  with  the  por- 
tions still  concealed  a  considerably  wider  variation  in  altitude  would 
be  found. 

In  thickness  the  bauxite  bed  varies  from  nothing  up  to  a  possible 
maxinumi  of  40  feet.  The  prevailing  thickness  over  the  greater  part 
of  this  district  is  probably  between  10  and  15  feet.  In  the  present 
state  of  development,  however,  there  is  no  basis  for  an  accurate  esti- 
mate of  the  thickness  except  at  a  few  points.  Its  greatest  thickness 
occurs  in  the  northwestern  portion  of  the  district,  in  section  16,  Avhere 
it  IS  at  least  30  feet.  From  this  section  it  thins  somewhat  regularly 
eastward  and  southward,  although  there  appear  to  be  numerous  abrupt 
local  variations  in  thickness  in  all  parts  of  the  district. 

If  the  conclusion  is  correct  that  the  bauxite  was  deposited  as  a  bed 
mantling  the  undulating  surface  of  the  syenite  and  subsequently  cov- 
ered bv  the  Tertiary  sands  and  cla\'s,  its  present  outcrop  probably 
represents  but  a  small  part  of  its  actual  extent  and  a  much  smaller 
part  of  its  original  extent.  Systematic  prospecting  b}-  drilling  will 
be  required  to  determine,  even  approximately,  the  distance  from  the 
present  outcrops  to  which  the  bauxite  bed  extends  beneath  the  Tertiary 
sands.  An  attempt  is  made  on  the  accompanying  map  to  indicate 
in  a  general  wa}'  the  probable  extent  of  the  bed  under  cover.  The 
outlines  there  shown  are  based  on  the  evidence  of  a  few  wells  and 
inferences  from  observed  dii-ection  and  rate  of  thinning  in  the  bed 
itself.  It  is  quite  probable  that  with  increasing  distance  from  the 
syenite  areas  the  bauxite  bed  will  not  only  grow  thinner,  but  will  con- 
tain increasing  amounts  of  foreign  detrital  material.  It  will  also 
probably  be  found  interbedded  with  other  Tertiary  formations,  or  per- 
haps resting  upon  the  Paleozoic  rocks  which  there  cover  the  S3'enite. 
The  shaded  portion  of  the  map  is  intended,  however,  to  represent  only 
the  probable  extent  under  cover  of  a  bed  sufficiently  thick  and  pure 
to  be  workable. 

The  bauxite  in  the  Bryant  district  occurs  in  two  distinct  forms,  (1) 
granitic  and  (2)  pisolitic.  At  nearly  every  point  where  the  bed  has 
been  opened  up  sufficiently  to  show  the  underlying  kaolinized  syenite 
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its  lower  portion  is  composed  of  the  granitic  ore.  This  has  a  yellow- 
ish-gray color  and  a  spongy  structiu-e,  and  is  entirely  free  from  any 
trace  of  pisolites.  Generally  more  or  less  distinct  traces  of  the  gra- 
nitic structure  can  be  detected  in  this  spongy  material,  the  individual 
feldspars  being  replaced  by  a  porous  skeleton  of  alumina.  Occasion- 
ally the  original  .feldspar  cleavage  surfaces  can  be  detected,  though 
this  is  not  generally  the  case,  and  often  no  trace  of  the  original  gra- 
nitic structure  remains.  This  granitic  ore  also  occurs  in  the  form  of 
well-rounded  bowlders  from  2  or  3  inches  to  2  feet  in  diameter.  These 
bowlders  arc  most  abundant  inunediately  over  the  stratum  of  the  same 
material,  but  they  are  sometimes  present  when  the  latter  is  wanting, 
and  are  found  more  or  less  abundantly  scattered  through  the  whole 
upper  portion  of  the  bauxite  bed.  They  are  surrounded  by  a  dense 
structureless  shell  from  one-half  to  three-fourths  of  an  inch  in  thick- 
ness. Within  this  shell  is  the  same  porous,  spongy  material  that 
forms  the  basal  stratum  of  the  bauxite  bed.  Both  porous  interior  and 
compact  outer  shell  consist  essentially  of  the  hydrated  aluminum 
oxide.  It  appears  probable  that  this  variety  of  bauxite  is  in  every 
case  derived  directly  from  the  syenite  by  the  decomposition  of  the 
feldspar  and  eleolite  and  the  removal  in  solution  of  the  silica,  lime, 
and  alkalies,  the  alumina  alone  remaining  of  the  original  constituents. 
The  material  forming  the  basal  stratum  of  the  bauxite  bed  was  doubt- 
less derived  directly  from  ledges  of  the  syenite  in  place,  while  the 
bowlders  of  the  same  material  were  probably  waterworn  f i-agments  of 
syenite  which  were  freely  moved  about  by  waves  or  currents  and 
received  deposits  of  aluminum  hydroxide  on  the  outer  surfaces.  The 
conditions  under  which  this  process  mav  have  taken  place  will  be  more 
fully  discussed  later. 

In  the;  second  form  of  ore  of  the  Bryant  district  the  pisolitic  struc- 
ture is  always  pr(\sent,  although  var3-ing  widelv  in  its  degree  of  devel- 
opment. The  pisolites  are  small  round  bodies,  from  the  size  of  a  pea 
to  an  inch  in  diameter,  which  consist  of  a  micleus  surrounded  by 
concentric  layers  of  differently  colored  and  textured  material.  The 
nucleus  is  generally  softer  than  the  outer  layers,  and  darker  colored. 
It  is  also  g(Mierally  intersected  l)v  radial  cracks,  apparently  produced 
by  the  shrinkage  of  the  material,  and  is  sometimes  represented  l)y  a 
fine  powder  or  day-like  substance.  The  pisolites  may  be  simple,  con- 
taining a  single  nucleus,  or  compound,  in  which  case  the  nucleus  is 
itself  a  roiuided  fragment  of  some  one  of  the  several  varieties  of 
bauxite.  These  pisolites  are  embedded  in  a  matrix  which  also  varies 
considerably  in  amount  and  character.  In  some  cases  the  matrix  con- 
stitutes the  larger  part  of  the  mass,  while  the  pisolites  are  inconspicu- 
ous. It  is  then  a  compact  structureless  material  somewhat  resembling 
clay,  but  much  harder.  Ore  of  this  cliaracter  is  apt  to  l)e  very  sili- 
ceous.    At  the  other  extreme  is  a  mas>  of  pisolites  with  barely  enough 
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matrix  to  fill  the  interstices  between  them  and  not  enough  to  form  a 
strong-  cement.  The  pisolites  themselves  are  here  more  uniform  in 
size  and  appearance  than  is  the  case  in  the  Georgia- Alabama  district. 
The  majority  vary  between  one-half  and  three-quarters  of  an  inch  in 
diameter.  The  fine  oolitic  structure  is  almost  or  quite  absent  and  the 
largest  pisolites  of  the  coarse  gravel  ore  are  onh'  rarely  compound. 
Another  difference  is  that  the  pisolites  contain,  generally,  a  larger 
nucleus  and  fewer  concentric  layers. 

As  might  be  inferred  from  the  above,  the  pisolitic  ore  presents 
great  diversity  in  appearance,  but  the  several  varieties  pass  into  each 
other  by  such  gradations  that  they  are  not  easih^  classified.  In  some 
portions  of  the  district  the  ore  has  somewhat  the  appearance  of  a  par- 
tially compacted  bed  of  gravel,  the  pisolites  separating  readily  from 
the  matrix,  which  consists  of  a  structureless  clay-like  substance.  This 
variety,  constituting  the  gravel  ore,  can  be  readily  dug  with  a  pick 
and  shovel  and  is  prepared  for  market  bj*  washing  and  drying.  The 
greater  part  of  the  bed  in  NE.  i  sec.  16  has  this  form. 

In  the  western  part  of  the  same  section  the  ore  is  nmch  moie  com- 
I^act  and  forius  a  ledge  which  resists  erosion  and  makes  a  prominent 
outcrop  on  the  hillside,  as  shown  in  the  accompanying  illustrations 
(PI.  LXII).  The  matrix  as  well  as  the  pisolites  is  here  compact,  and 
the  latter  are  not  readily  separated  from  it.  They  are  generally  darker 
than  the  matrix,  varying  from  red  to  dark  purple  or  black.  This  ore 
requires  blasting  in  mining,  and  is  prepared  for  market  by  crushing 
and  drying,  without  washing. 

Another  type  of  ore  is  seen  in  the  NE.  i  sec.  15.  This  also  has  a 
compact  matrix  and  forms  a  solid  rock  body,  but  the  pisolites  are 
smaller  and  generally  contain  nuich  empty  space.  The  nuclei  appear 
to  have  shrunk  awa}'  from  the  inclosing  concentric  shells,  probably 
through  loss  of  water.  In  this  ore  the  matrix  is  slightly  reddish,  and 
the  pisolites  are  only  a  little  moi-e  deeply  colored. 

These  three  varieties  represent  the  greater  part  of  the  pisolitic  ore 
in  this  district,  although  the}'  are  not  sharply  distinguished  and  there 
are  numberless  variations  from  the  types  described. 

The  pisolitic  ore  above  described  forms  the  upper  portion  of  the 
bauxite  bed.  In  some  cases  it  constitutes  the  whole  of  the  bed,  rest- 
ing directly  upon  the  kaolin,  but  it  is  generally  separated  from  the 
latter  by  a  lower  stratum  of  the  granitic  ore.  It  generally  contains 
more  or  less  abundant  bowlders  of  the  granitic  ore,  and  the  line 
separating  the  two  varieties  is  rarely  a  sharp  and  definite  one.  Also, 
when  several  varieties  of  pisolitic  ore  occur  in  the  same  locality  they 
are  not  arranged  in  distinct  strata,  although  the  general  order  of 
arrangement  of  the  several  varieties  is  somewhat  uniform  over  con- 
siderable areas. 

The  composition  of  the  bauxite  varies  within  rather  wide  limits. 
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The  purest  variety  is  the  granitic  type,  selected  samples  of  which  con- 
tain less  than  3  per  cent  of  silica  and  less  than  1  per  cent  of  ferric 
oxide.  This  variety  contains  more  water  than  the  bihydrate,  bauxite, 
and  corresponds  in  composition  very  nearl}^  with  the  trihydrate,  gibbs- 
ite^ — AljOj  3H2O.  The  silica  varies  from  3  per  cent  or  less  in  this 
gibbsite  or  granitic  ore  up  to  20  or  30  per  cent  in  some  of  the  white 
bauxitic  kaolins.  The  physical  appearance  of  the  ore  undergoes  a 
gradual  change  corresponding  to  the  change  in  content  of  silica,  and 
with  long  practice  the  miners  become  very  skillful  in  estimating  the 
composition  of  the  ore  ))y  its  appearance. 

The  iron  varies  from  less  than  1  per  cent  of  oxide  in  some  of  the 
granitic  and  ver}^  white  siliceous  ores  to  over  50  per  cent.  The  highl}'^ 
ferruginous  ore  is  nearly  free  frona  silica  and  contains  about  the  same 
amount  of  phosphorus  as  the  common  brown  iron  ores  of  the  South. 

In  the  Bryant  district  there  is  rather  well-marked  gradation  in  the 
character  of  the  ore  from  one  part  of  the  district  to  another.  The 
southern  portion  of  the  district  is  characterized  by  a  preponderance 
of  the  granitic  type  and  the  central  portion  b}'  the  pisolitic,  grading 
northward  into  the  gravel  ore.  The  iron  increases  rapidly  toward  the 
north,  and  in  the  northern  portions  of  sees.  9  and  10  the  ore  at  the 
surface  is  highly  ferruginous,  although  recent  prospecting  has  revealed 
a  large  amount  of  nonferruginous  ore  of  which  no  indication  was 
afforded  by  the  natural  exposures.  North  of  the  mapped  area,  in  the 
channel  of  Hurricane  Creek  and  Ijcyond,  there  are  large  exposures  of 
the  ore  carrying  50  per  cent  and  more  of  ferric  oxide. 

At  only  a  single  point  was  there  noted  any  considerable  admixture 
of  foreign  material  with  the  bauxite.  The  railroad  cutting  in  the 
N\V.  i  sec.  10  exposes  the  bauxite  ])ed.  which  consists  of  a  deep-red, 
sandy  matrix,  containing  a  few  pisolites  and  numerous  fragments  of 
sandstone  and  shale  up  to  3  inches  in  diameter.  There  are  also  rather 
obscure  traces  of  stratiHcation.  with  low  dip  to  the  southeast. 

Some  portions  of  the  bauxite  bed  contain  considerable  iron,  which  is 
apparently  secondary  to  the  disposition  of  the  l)auxite  itself.  It  often 
occurs  in  irregular  convoluted  plates  intersecting  the  bed.  On  the 
sides  of  a  cut  these  often  apjwar  as  a  narrow  ribbon  of  limonite  from 
half  an  inch  to  14^  inches  in  thickness.  A  similar  band  of  limonite 
frequently  forms  a  shell  about  ])owlders  of  granitic  bauxite,  in  which 
case  it  is  evidently  due  to  secondary  deposition  of  iron  in  the  porous 
material  of  the  bowlder.  It  is  cjuite  likelv  that  this  secondary  iron 
is  confined  largely  to  the  outer  portion  of  the  bauxite  l)ed. 

A  short  distance  north  of  the  area  shown  on  the  accompanying  map 
of  the  Bryant  district  are  some  deposits  of  bauxite  which  properly 
belong  with  the  latter,  although  they  are  separated  from  them  by  the 

'The  credit  for  linving  discovered  nnd  identilied  tliis  Kihbsite  by  means  of  numerous  chemicnl 
analyses  properly  l)>'longs  to  Mr.  K.  S.  Perry,  general  manager  of  the  Southern  Bau.xile  Company. 
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valley  of  Hurricane  Creek.  Two  groups  of  deposits  occur  in  this 
region.  The  first  includes  the  deposits  exposed  in  the  channel  of 
Hurricane  Creek,  on  Cold  Spring  Branch  where  it  crosses  the  county 
road,  and  a  little  farther  east  on  the  Davis  place.  The  ore  is  very 
ferruginous  and  at  several  points  has  been  opened  for  iron  ore,  which 
it  closely  resembles  on  its  outcrop.  The  three  deposits  are  probably 
nearly  or  quite  continuous  under  cover  and  contain  the  largest  body 
of  highly  ferruginous  ore  3'et  discovered.  The  utilization  of  this  ore 
is  doubtless  only  a  question  of  time.  It  closel}^  resembles  some  of  the 
Irish  bauxites  which  arc  largely  eraploved  as  iron  ores. 

The  second  deposit  lies  '2^  miles  southeast  of  Bryant,  on  the  head- 
waters of  Cold  Spring  Branch.  It  appears  to  occupy  a  shallow  depres- 
sion between  two  large  areas  of  syenite,  although  its  relations  are 
considerably  obscured  by  the  overlying  sand.  The  ore  is  covered  b}- 
18  inches  of  sand}'  soil  containing  fragments  of  bauxite.  Below  this 
is  a  la^'er  of  bauxite  from  1  to  2  feet  thick,  having  a  slightly  shaly 
structure  and  consisting  of  gravel  ore  embedded  in  an  abundant  gray 
or  white  mottled  matrix.  The  shal}'  structure  may  be  due  to  weather- 
ing or  to  an  indistinct  stratification.  Below  this  is  a  layer,  3  or  4 
feet  in  thickness,  consisting  of  large  and  small  bowlders  of  pisolitic  ore 
embedded  in  a  matrix  of  loose  gravel  ore.  The  bowlders  are  from 
2  inches  up  to  2  feet  in  diameter.  Below  this  bowlder  bed,  and  sepa- 
rated from  it  by  an  irregular  surface,  is  4  feet  of  soft  bauxite  containing 
some  pisolites,  which  decrease  in  number  downward.  This  has  a  yel- 
lowish, cream  color  and  looks  like  a  bauxitic  clay.  It  differs  materi- 
ally from  the  kaolin  which  underlies  the  bauxite  in  the  Brj^ant  district, 
although  the  latter  may  also  be  present  here  but  not  exposed. 

FOURCHE   MOUNTAIN   DISTRICT. 

This  district  is  represented  on  the  large-scale  map  forming  PI. 
LXIII.  As  already  stated,  it  occupies  the  northeast  extremity  of  the 
bauxite  belt,  and,  h'ing  near  the  Arkansas  liiver,  erosion  has  here 
gone  much  further  than  in  the  Bryant  district.  No  portion  of  the  con- 
structional Tertiary  plain  remains,  but  the  high  land  is  composed 
entireh'  of  igneous  rocks,  which  reach  an  altitude  a  little  above  500 
feet.  As  a  result  of  this  more  extensive  erosion  the  igneous  rocks 
occup3'  a  relatively  large  pi-oportion  of  the  surface;  also,  considerable 
areas  of  the  Paleozoic  cover  are  exposed  about  the  flanks  of  the  syenite 
ridges.  The  boundaries  of  the  formations  represented  on  this  map 
are  in  the  main  taken  from  the  geologic  map  of  the  Fourche  Mountain 
region  accompanying  Volume  II  of  the  Annual  Report  of  the  Geolog- 
ical Survey  of  Arkansas  for  1890.  The  boundaries  have  been  changed 
in  a  few  cases,  and  a  more  cai'eful  examination  of  the  region  would 
doul)tless  necessitate  other  changes.  These  changes  would  be  chiefl}' 
in  extending  the  boundaries  of  the  igneous  rocks  so  as  to  include  areas 
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covered  by  bowlders  and  soil  evidently  derived  from  the  syenite  itself. 
Such  areas  would  appear  to  belong  properly  with  the  syenite  rather 
than  with  the  overlying  Tertiary  sediments.  These  changes  in  forma- 
tion boundaries,  however,  arc  mere  matters  of  detail,  and  do  not  mate- 
rially affect  the  value  of  Dr.  Williams's  map.  On  the  map  published 
herewith  no  attempt  has  been  made  to  represent  the  several  rock  types 
differentiated  ])y  Dr.  Williams.  The  igneous  rocks  are  represented 
by  a  single  pattern,  and  the  more  or  less  altered  Paleozoic  rocks  by 
another;  also,  the  discrimination  between  Tertiary  and  Pleistocene 
is  omitted.  A  very  detailed  study  of  the  district  might  enable  one 
to  make  this  discrimination,  but.it  would  probably  differ  materially 
from  that  represented  on  Williams's  map,  the  basis  for  which  does  not 
readily  appear  to  one  on  the  ground. 

IGNEOUS   ROCKS. 

The  igneous  rocks  of  this  district  present  considerably  more  variety 
than  do  those  of  the  Bryant  district,  although  the  larger  part  of  the 
area  is  occupied  by  the  pulaskite,  or  "  blue  granite."  This  is  described 
by  Dr.  Williams  as  follows:' 

When  macroscopically  examined  the  first  thing  which  strikes  the  eye  is  the  pecul- 
iar serniporphyritic  appearance  of  the  rock.  The  feldspar  crystals  stand  out  con- 
spicuously on  account  of  their  highly  perfect  cleavage  planes  and  the  light  reflected 
from  them.  The  crystals  are  not  usually  sharply  defined,  but  show  a  rough  surface, 
due  to  the  early  formation  of  crystals  of  a  second  generation.  Occasionally  a  flake 
of  dark  mica  or  portion  of  a  crystal  of  hornblende  or  augite  is  visible,  but  in  |;eneral 
the  basic  silicates  are  not  conspicuous.  In  the  spaces  not  occupied  by  the  large  feld- 
spars a  mass  of  finer-grained  material  appears,  which  shows  minute  reflecting  sur- 
faces, indicating  that  it  is  made  up  of  small  feUlspars  of  a  second  generation. 

The  color  varies  between  wide  limits,  in  some  cases  being  a  dark  bluish-gray,  while 
in  other  localities  the  rock  is  light  gray  (not  the  "gray  granite"),  but  still  retains 
something  of  the  bluish  tinge.  The  color  depends  upon  that  of  the  feldspar,  and  iti 
not  due,  as  might  be  supposed,  to  an  admixture  of  dark-colored  minerals  in  varying 
proportions. 

Gray  granite,  or  eleolite-syenite,  similar  to  that  found  in  the  Bryant 
district,  also  occurs  in  the  Fourche  Mountain  district,  but  forms  a 
relatively  small  portion  of  the  ar(>a.  The  igneous  rocks  form  two 
main  ridg(\s,  which  unite  toward  th(>  southwest.  The  eastern  ridge 
bears  the  names  Fourche.  Erineiitraudt.  and  South  mountains,  and  the 
western  ridge  the  name  Ailis  Mountain.  Between  the  two  is  Fourche 
Cove,  opening  northward,  in  which  the  syenite  is  for  the  most  part  cov- 
ered by  Tertiary  sediments.  The  Paleozoic  rocks,  which  originally  cov- 
ered the  entire  area,  are  now  found  in  two  areas  along  the  eastern  base 
of  Fourclie  and  Knnentraudt  mountains,  and  also  along  the  eastern  base 
of  Allis  MounUiin,  extending  around  the  southern  end  of  the  cove. 
They  consist  chiefly  of  shales  which  have  been  intensely  folded  and  to 
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some  extent  altei-ed  b}-  the  intrusion  of  the  igneous  rocks.  The  extent 
of  the  alteration,  however,  is  surprisingly  small  considering  the  great 
mass  of  molten  matter  with  which  they  have  been  in  contact. 

The  kaolinized  phase  of  the  syenite,  which  is  so  persistent  an  accom- 
paniment of  the  latter  in  the  Bryant  district,  is  very  inconspicuous  in 
this  region.  It  has  been  observed  chiefly  in  Fourche  Cove  and  at  the 
southern  point  of  South  Mountain.  It  doubtless  occurs  elsewhere, 
but  the  conditions  of  erosion  are  such  that  it  has  been  removed  from 
the  greater  part  of  the  region,  and  most  of  its  outcrops  are  effectually 
concealed  by  debris  from.the  higher  granite  ridges  or  from  the  adja- 
cent areas  of  sand.  The  blue  granite,  or  pulaskite,  has  a  very  different 
habit  of  weathering  from  the  gray  granite,  or  eleolite-syenite.  Instead 
of  forming  broad,  smooth  areas  of  solid  rock,  its  surface  is  covered  to 
a  considerable  depth  by  angular  bowlders,  which  are  ncai'ly  as  fresh  as 
the  rock  in  place.  It  is  probable,  however,  that  where  the  weathering 
takes  place  under  a  light  cover  of  porous  sand  the  rock  is  altered  to 
kaolin,  as  in  the  case  of  the  eleolite-svenite. 


The  bauxite  of  the  Fourche  Mountain  district  is  confined  chiefly  to 
sees.  24  and  25,  T.  1  N.,  R.  12  W.,  lying  east  of  Ermentraudt  Mountain, 
and  to  sees.  4  and  9,  T.  IS.,  R.  12  W.,  at  the  southern  end  of  South 
Mountain.  It  also  extends  into  the  corner  of  sees.  26,  35,  and  36.  A 
single  deposit  is  found  in  the  eastern  side  of  Fourche  Cove,  in  sees.  23 
and  26,  and  there  is  also  a  small  one  in  the  SW.  i  of  sec,  17.  The 
striking  regularity  in  the  thickness  of  the  bed  observed  in  the  Bryant 
district  and  its  close  conformity  to  the  margin  of  the  syenite  are  less 
conspicuous  in  this  district.  It  is  unsafe,  therefore,  to  make  any  infer- 
ence regarding  the  extent  of  the  deposit  under  cover,  and  no  attempt 
in  this  direction  has  been  made  on  the  accompanying  map.  The 
deposits  nmch  more  closely  resemble  the  isolated  deposits  to  be 
described  later  than  the  continuous  bed  of  the  Bryant  district. 
Throughout  the  whole  of  the  district  the  ore  is  remarkably  uniform  in 
character.  Only  the  pisolitic  variety  has  been  found,  the  granitic 
variety,  so  far  as  known,  being  entirely  absent  either  in  the  form  of 
bowlders  or  in  that  of  ledges.  Also  the  pisolites  present  little  varia- 
tion in  size  and  structure.  They  are  medium  sized,  both  the  oolitic 
and  the  coarse  gravel  ore  being  entirely  absent  in  the  outcrops. 
Somewhat  greater  variety  may  l^e  found,  however,  when  the  deposits 
are  more  extensivelv  opened. 

The  northernmost  deposit  of  the  Fourche  Mountain  district  occurs 
in  the  SW.  i  of  sec.  17.  Abundant  fragments  of  pisolitic  bauxite 
cover  the  side  of  a  low  ridge  forming  an  oval  area  whose  axis  is  par- 
allel with  the  margin  of  the  granite  area  on  the  northwest.  The  top 
and  southern  side  of  the  ridge  are  covered  with  sand  and  gravel  with 
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many  partly  rounded  bowlders  of  quartzite.  The  bauxite  evidently 
extends  southward  under  this  cover,  but  no  means  are  at  present  avail- 
able for  estimating  its  extent  or  thickness. 

The  next  deposit  met  with  is  found  on  the  Sweet  Home  pike,  about 
2  miles  f I'om  the  city  limits  of  Little  Rock.  It  forms  a  ledge  exposed 
on  the  east  of  the  road,  in  which  it  is  at  least  8  feet  in  thickness,  and 
probably  more.  It  appears  to  dip  slightly  to  the  east  and  to  pass 
under  the  sand  in  that  direction.  The  outcrop  crosses  the  pike  and 
extends  for  about  half  a  mile  toward  the  southwest,  as  indicated  by 
numerous  fragments  of  ore  on  the  surface.  It  is  separated  from  the 
syenite  and  the  Paleozoic  rocks  on  the  west  by  a  belt  about  the  width 
of  its  own  outcrop,  in  which  there  is  no  exposure  of  rock  in  place. 
The  ore  has  a  strongl}^  marked  pisolitic  structure,  the  individual  piso- 
lites varj'ing  from  one-fourth  inch  to  an  inch  in  diameter,  the  major- 
ity of  them  being  between  one-fourth  and  one-half  inch.  So  far  as 
observed,  it  contains  no  large  bowlders.  The  pisolites  are  mostly 
composed  of  a  hollow  shell,  containing  a  small  amount  of  a  tine, 
powdery  substance.  Some  are  entirely  tilled  with  a  soft,  clay-like 
material. 

The  next  outcrop  is  to  the  east  of  the  Sweet  Homo  pike,  in  the  SW. 
i  of  sec.  24.  This  appears  to  form  a  low,  dome-shaped  mass,  dipping 
slightly  to  the  east.  It  may,  however,  be  a  continuation  of  the  same 
bed  which  outcrops  to  the  northwest.  It  is  overlain  by  stiff  red  and 
gray  clay,  evidently  belonging  to  the  Tertiary  beds.  The  next  out- 
crop is  in  sec.  25,  a  short  distance  to  the  southwest  of  the  Confederate 
Home.  It  forms  a  low  ridge  parallel  with  the  edge  of  the  sj'enite, 
and  probably  dips  away  from  the  latter  to  the  southeast.  The  next 
deposit,  in  the  S.  ^  of  sec.  25,  forms  a  large  exposure  in  the  Hat 
land  of  the  creek  bottom  and  extends  in  a  low  i-idge  to  the  westward, 
but  appears  to  have  no  close  connection  with  the  syenite.  A  shaft 
has  been  sunk  on  the  summits  of  the  ridge  formed  by  the  bauxite  and 
near  the  western  end  of  the  outcrop.  It  was  tilled  with  water  at  the 
time  the  district  was  examined,  l)ut  is  said  to  show  4  feet  of  hard, 
somewhat  ferruginous  bauxite,  then  8  feet  of  stratified  bauxitic  clay 
of  various  colors,  some  layers  having  a  slightly  pisolitic  structure. 
Below  this  the  shaft  penetrates  18  feet  of  white  or  grayish  ''joint 
clay"  with  no  pisolites.  This  latter  is  probably  a  massively  l)edded 
sediment  belonging  with  the  Tertiary  and  not  derived  from  the  altera- 
tion-of  the  syenite.  Several  wells  between  this  deposit  and  the  one 
last  mentioned  have  penetrated  the  bauxite  under  a  few  feet  of  sand 
and  clay,  indicating  that  the  bed  is  continuous  between  the  two  out- 
crops. In  the  southwest  corner  of  sec.  25  is  a  considerable  exposure 
which  occui)itvs  a  depression  between  two  areas  of  syenite.  On  the 
east  it  appears  to  lie  directly  upon  tli(>  syenite,  while  on  the  west  it  is 
separated  l)y  a  considerable  interval  covered  witii  sand.     Tli(>  outcrop 
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extends  southwest  into  the  corners  of  the  adjoinino-  sections.  The 
bauxite  is  here  immediate]}^  overlain  by  a  coarse  ferruginous  sand- 
stone. The  thickness  of  the  bed  is  difficult  to  estimate,  but  it  is 
probably  under  20  feet.  All  of  these  deposits  are  ver}'  similar  in 
character  to  the  first  one  described,  having  a  pisolitic  structure  and 
being  fi'ee  from  bowlders.  The  principal  variation  is  in  the  amount 
of  iron,  which,  however,  is  rarely  excessive. 

The  second  group  of  deposits,  at  the  southern  end  of  South  Mountain, 
is  considerably  smaller  in  extent.  At  the  end  of  the  Arch  street  pike, 
in  sec.  9,  T.  1  S.,  R.  12  W.,  there  are  several  small  deposits  which 
appear  to  have  been  originally  continuous,  occupying  a  depression 
between  the  granite  of  South  Mountain  and  a  smaller  area  lying  farther 
south,  but  in  the  axis  of  the  higher  ridge.  The  bed,  as  exposed  north 
of  the  pike,  is  probably  between  10  and  15  feet  in  thickness.  If  these 
several  deposits  are  portions  of  an  originally  continuous  bed,  this  thins 
rapidly  toward  the  south,  and  at  the  most  southerly  exposure  seen 
becomes  less  than  2  feet  in  thickness.  Its  relation  to  the  syenite  is 
here  clearly  seen  to  be  similar  to  that  prevailing  in  the  Bryant  district. 
The  bed  dips  to  the  southwest,  awaj^  from  the  adjoining  syenite,  from 
which  it  is  separated  by  a  bed  of  kaolin  about  10  feet  in  thickness. 
The  latter  passes  downward  directly  into  the  s_yenite,  which  is  here  the 
variety  called  by  Williams  pulaskite  or  "blue  granite." 

About  half  a  mile  northwest  of  these  deposits  are  two  much  larger 
in  extent  lying  west  of  the  pike.  Thej^  form  low  ridges  extending  in 
a  north-south  direction,  parallel  with  the  margin  of  the  syenite,  and 
separated  from  it  by  a  narrow  belt,  probabl}^  underlain  by  kaolin,  but 
in  which  thei-e  is  no  exposure.  They  were  doubtless  originally  con- 
tinuous, but  have  been  cut  through  by  a  small  stream  flowing  west- 
ward. The  bauxite  bed  is  probably  10  or  15  feet  in  thickness  and  is 
similar  in  character  to  the  other  deposits  of  this  region. 

This  group  of  deposits  at  the  south  end  of  South  Mountain  contains 
a  large  quantity  of  ore,  which  appeal's  to  be  of  good  quality.  Unless 
different  portions  of  the  bed  vary  widely  in  composition,  so  as  to  neces- 
sitate expensive  hand  picking,  the  ore  can  be  mined  very  cheaply, 
owing  to  the  entii-e  absence  of  overburden. 

It  is  probable  that  in  the  Fourche  Mountain  district  the  original  slopes 
of  the  syenite  on  which  the  bauxite  was  deposited  Avere  much  steeper 
than  in  the  Bryant  district,  and  it  is  doubtful  if  the  bauxite  deposits 
covered  so  large  a  proportion  of  the  syenite  surface.  If  thej  were  as 
extensive  here  as  farther  south,  their  present  limited  extent  is  due  to  the 
more  extensive  erosion  which  this  region  has  suffered.  The  bauxite 
has  been  completely  removed  from  the  higher  portions  of  the  syenite, 
if  it  ever  existed  there,  and  remains  only  in  patches  around  the  outer 
margin  of  the  original  deposits.     Those  deposits  which  are  found  near- 
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est  the  margin  of  the  syenite  doubtless  rest  upon  the  kaolin  derived 
directly  from  the  latter.  This  is  certainly  the  case  with  the  group  at 
the  south  end  of  South  Mountain,  but  the  deposits  which  are  more 
distant  from  the  margin  of  the  igneous  rocks,  as  those  in  the  SE.  i  of 
sees.  24  and  25,  are  probably  intcrstratitied  between  sedimentary  beds 
of  Tertiar}'  age.  The  repeated  reworking  by  wave  and  stream  action 
of  the  unconsolidated  Tertiary  deposits  and  the  concentration  on  the 
surface  of  the  coai'ser  materials  render  it  in  most  cases  difficult  or 
impossible  to  determine  the  relation  which  the  bauxite  bed  bears  to 
the  adjoining  formations. 

ISOLATED   DEPOSITS. 

In  addition  to  the  deposits  of  the  two  subdistricts  above  described, 
a  nuu)ber  of  isolated  deposits  occur  in  the  intermediate  region.  Their 
location  is  shown  on  the  accompanying  general  map  (PI.  LX),  and  they 
will  be  briefly  described. 

MABELVALE. 

A  single  deposit  occurs  about  a  quarter  of  a  mile  south  of  Mabel- 
vale  station,  on  the  Iron  Mountain  Railroad.  It  occupies  the  point  of 
a  low  spur  extending  from  the  higher  land  on  the  southeast,  and  its 
surface  rises  about  15  feet  above  the  surrounding  lowland.  The 
bauxite,  so  far  as  can  be  observed,  forms  a  circular,  dome-shaped  mass 
about  115  feet  in  diameter.  Its  surface  is  covered  by  18  inches  of 
sandy  soil  containing  fragments  of  bauxite.  Below  this  is  a  solid 
ledge  of  bauxite,  5  feet  and  probably  more  in  thickness,  as  the  bottom 
is  not  exposed.  The  ore  is  very  uniform  in  character,  generally  white 
or  cream  colored.  The  pisolites  are  abundant,  and  from  one-eighth  of 
an  inch  to  one  inch  in  diameter.  The.se  are  embedded  in  a  compact 
matrix,  from  which  they  separate  with  moderate  ease.  They  consist 
of  a  thin  shell,  containing  in  most  cases  a  small  amount  of  black,  yel- 
low, or  gray  powder.  A  few  contain  a  hard,  horny  substance  and  a 
few  soft,  whit(?  clay.  On  exposed  surfaces  the  pisolites  weather  out, 
giving  the  ore  the  typical  vesicular  structure.  The  ore  of  this  deposit 
is  quite  siliceous,  containing  from  14  to  18  per  cent  of  silica.  At  tiie 
margins  of  the  deposit  it  pass(>s  into  a  l)auxitic  clay,  the  pi.solites 
becoming  less  al»undant  and  finally  di.sippearing  at  a  distance  of  15  or 
20  feet  from  the  tyi)ical  l)auxite.  The  .-surrounding  clay  has  a  mottled 
pink  color  and  contains  many  small  iron  concretions.  This  relation 
appears  to  hold  on  three  sides  of  the  deposit,  while  the  relations  on 
the  fourth  side  are  concealed  by  the  overlying  coarse  gravel.  No 
syenite  is  foiuid  in  the  vicinity  of  \h\s  deposit  nearer  than  Fourche 
Mountain,  which  is  about  5  miles  di.stant.  In  its  form  and  relations 
to  the  surrounding  formations  it  closely  resembles  the  bauxite  deposits 
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of  the  Georgia-Alabama  district,  and  it  is  quite  possible  that  it  may 
have  been  produced  under  conditions  similar  to  those  which  prevailed 
in  that  district,  although,  as  will  be  shown  later,  the  chemical  reactions 
involved  must  have  been  entirely  distinct  in  the  two  cases. 

ALEXANDER. 

About  a  mile  northeast  of  Alexander,  opposite  the  northern  point 
of  a  rather  high  ridge,  is  a  small  deposit  of  bauxite  whose  relations 
are  probably  similar  to  those  observed  at  Mabelvale.  The  exposures, 
however,  are  less  satiefactor}'  and  the  ore  was  observed  only  in  the 
form  of  loose  bowlders  covering  the  surface.  It  appears  to  pass  into 
a  bauxitic  clay  containing  occasional  pisolites.  The  ore  is  highly  fer- 
ruginous, and  probably  contains  much  silica  also.  No  syenite  occurs 
in  the  vicinity,  and  the  bauxite  is  apparently  interbedded  with  red  and 
blue  fissile  days  and  ferruginous  sandstone.  Numerous  thin  bands  of 
lignite  are  said  to  occur  in  the  clays  which  form  the  above-mentioned 
ridge. 

BRYANT. 

About  a  mile  northeast  of  Bryant  station  there  are  several  deposits 
of  bauxite,  in  the  northwestern  portion  of  sec.  25,  T.  1  S.,  R.  14  W. 
The  onl}'  one  which  is  well  exposed  is  in  the  northwest  quarter  of  the 
section.  It  outcrops  on  a  gentle  slope  and  appears  to  be  in  the  form 
of  a  bed  interstratified  with  the  Tertiary  sediments.  It  consists  of  a 
la3^er  of  hard  pisolitic  bauxite  2  or  3  feet  in  thickness,  which  is  very  uni- 
form in  appearance  and  contains  no  large  pebbles  or  bowlders.  Below 
this  is  3  feet  of  soft  bauxitic  clay,  mottled  white  and  red,  containing  a 
few  pisolites.  This  also  contains  ftome  iron  concretions.  Its  total  thick- 
ness could  not  be  determined,  nor  the  character  of  the  material  on 
which  it  rests.  No  sj^enite  occurs  in  this  vicinity,  and  these  deposits 
are  in  this  respect  similar  to  those  of  Alexander  and  Mabelvale. 


A  fourth  deposit  similar  to  the  above  occurs  about  3  miles  southwest 
of  Bryant,  in  tlie  SW.  i  of  sec.  5.  The  bauxite  here  occupies  the 
1>ottom  of  a  shallow  depression,  its  surface  being  exposed  in  a  ravine, 
and  numerous  fragments  overlying  an  oval  area  several  hundred  feet 
in  diameter.  Neither  the  thickness  of  the  deposit  nor  the  character  of 
the  underlying  material  could  be  determined.  The  ore  is  uniform  in 
appearance,  having  a  pisolitic  structure  and  containing  considerable 
iron.  It  appears  to  dip  toward  the  southeast  at  a  low  angle,  and  it  is 
possible  that  an  area  of  syenite  may  occur  to  the  northwestward, 
entirely  concealed  by  the  overlying  sand  and  gravel.  No  indications 
of  the  S3^enite,  however,  are  present,  and  this  deposit  must  be  classed 
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with  those  above  described,  which  are  entirel}'  dissociated  from  any 
areas  of  the  igneous  rocks.  It  is  (juite  possible  that  this  bauxite  bed 
may  extend  toward  the  southeast,  under  the  cover  of  sand,  and  be 
continuous  with  the  bed  which  extends  northwest  from  the  Biyant 
district. 

ORIGIN  OF  THE  DEPOSITS. 

In  considering  tlie  origin  of  the  Arkansas  bauxite  deposits  it  may  be 
well  to  review  briefly  the  theor}^  which  has  been  aticepted  for  the  origin 
of  the  ore  in  the  Georgia-Alabama  region.  The  deposits  are  there 
found  embedded  in  residual  clay  derived  from  the  weathering  of  lime- 
stone. The  limestone  overlies  a  great  mass  of  shales,  and  the  forma- 
tions are  intersected  by  numerous  faults,  along  which  water  has  in  the 
past  found  eas}^  access  to  great  depths.  The  shales  are  made  up  largely 
of  silicate  of  aluminum.  They  also  contain  considerable  iron  sulphide 
in  the  form  of  pyrites.  It  is  believed  that  surface  waters,  carrying- 
oxygen  in  solution,  gained  access  to  these  shales  and,  by  oxidizing  the 
pyrites,  set  f  i-ee  sulphuric  acid.  This,  under  the  conditions  present, 
decomposed  the  aluminous  shales,  forming'  alum  and  sulphate  of  alumi- 
num. Ascending  currents  carried  these  salts  in  solution  to  the  surface, 
and,  coming  in  contact  with  the  limestone  during  their  upward  pas- 
sage, they  were  decomposed,  forming  sulphate  of  lime  and  aluminum 
hydroxide,  together  with  basic  sulphate  of  aluminum,  which  was  sub- 
sequently changed  to  aluminum  hydroxide  on  exposure  to  the  air.  The 
alumituim  hydroxide  thus  j)roduccd  formed  a  gelatinous  precipitate 
which  collected  about  vents  of  springs.  It  was  kept  in  motion  by  the 
ascending  water  and  thus  forined  concentric  structures.  The  i-eactions 
indicated  above  are  all  known  to  take  place  in  nature,  and  the  process  is 
one  whicli  is  readily  understood. 

It  will  be  seen  at  a  glance  that  the  conditions  involved  in  the  process 
above  outlined  are  for  the  most  part  al)sent  from  the  Arkansas  region. 
Not  oidy  are  there  no  limestones  or  aluminous  shales  in  the  vicinity  of 
the  bauxite  deposits,  but  the  latter  are  so  intimately  associated  with 
the  igneous  roeks  that  genetic  connection  l)etween  the  two  is  imme- 
diately suggested.  An  entirely  difl'erent  process  must,  therefore,  he 
appealed  to  to  explain  the  formation  of  these  deposits. 

The  ])isolitic  structure  which  characterizes  the  upper  portions  of 
the  bauxite  bed  indicates  that  they  wer(>,  formed  as  a  chemical  precip- 
itate. So  far  the  origin  of  the  dejiosits  in  the  two  regions  is  the  same. 
"While  the  formation  of  aluminous  ])isolites  has  never  been  observed 
in  nature,  the  pro(!ess  which  produces  the  same  structure  in  calcareous 
and  siliceous  materials  has  ])een  oI)serve(l  and  fully  described.  In  all 
cases  where  this  structure  results  the  material  is  deposited  either  from 
solution  or  from  suspension  in  the  form  of  a  fine  precipitate.  In  all 
cases  the  material  precipitated  collects  al)out  nuclei,  composed  either 
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of  a  foreign  substance  or  of  compacted  portions  of  the  precipitate 
itself,  and,  being  kept  in  motion,  fresh  surfaces  are  continually  exposed 
on  which  additional  concentric  la\'ers  of  the  material  are  deposited. 
In  many  cases  organic  agencies  in  the  form  of  algae  are  instrumental 
in  the  formation  of  the  concentric  structures,  but  this  agency  does  not 
appear  to  be  essential.  It  may  be  assumed,  then,  that  the  material 
forming  the  bauxite  deposits  was  in  solution  or  in  suspension  in  the 
form  of  a  gelatinous  precipitate.  This  applies  to  all  the  material  hav- 
ing a  pisolitic  structure.  The  granitic  bauxite  forming  the  lower 
portions  of  the  bed,  and  the  bowlders  with  rounded  surfaces  and  porous 
structure,  are  evidently  of  a  different  origin.  The  rounded  forms  sug- 
gest water  action,  either  of  streams  or  of  waves  of  sufficient  intensity  to 
move  masses  of  considerable  size.  The  presence  of  even  a  trace  of 
the  granitic  structure  characteristic  of  the  associated  syenite  is  con- 
clusive evidence  that  the  material  is  residual  or  pseudomorphic  and 
that  this  variety  of  the  ore  was  at  one  time  waterworn  bowlders  or 
solid  ledges  of  that  rock. 

The  s^'enite  under  ordinar}^  atmospheric  conditions  weathers  to  a 
final  product  consisting  essentially  of  the  hydrated  silicate  of  alumi- 
num, or  kaolin.  It  is  evident,  therefore,  that  the  conditions  which 
prevailed  during  the  deposition  of  the  bauxite  must  have  been  totally 
different  from  those  prevailing  at  the  present  time.  The  bed  of  kao- 
lin which,  everywhere  in  the  Bryant  district,  and  probably  elsewhere, 
intervenes  between  the  outcrops  of  the  syenite  and  the  bauxite  is  the 
product  of  such  decomposition  as  is  going  on  at  the  present  time.  It 
is  impossible  to  say  definite!}'  whether  the  bauxite  when  formed  was 
laid  down  upon  a  surface  of  fresh  syenite  or  of  kaolin.  The  former, 
however,  appears  to  have  been  the  case.  Otherwise  fragments  of  the 
kaolinized  syenite  would  be  found  in  the  bauxite,  for  it  is  scarcely 
probable  that  when  the  svenite  was  once  changed  to  kaolin  it  would 
undergo  a  further  change  to  bauxite.  In  other  words,  there  is  no 
indication  that  the  kaolin  is  an  intermediate  product  between  the 
fresh  syenite  and  the  bauxite.  No  fragments  of  the  kaolinized  svenite 
have  been  observed  in  the  bauxite,  but,  on  the  other  hand,  the  bowlders 
with  granitic  structure  embedded  in  them  indicate  that  the  syenite 
presented  a  fresh  surface  from  which  they  were  derived. 

Dr.  Williams  ^  has  suggested  two  theories  to  account  for  the  depo- 
sition of  the  bauxite. 

The  first  is  that  the  bauxite  was  formed  by  the  decomposition  of  a 
bed  of  clastic  material  which  was  derived  principally  from  the  syenite. 
He  regards  it  necessary  that  two  transformations  should  have  taken 
place:  First,  the  decomposition  of  the  syenite,  with  the  formation  of 
kaolin;  and,  second,  the  alteration  of  kaolin  to  bauxite  bj'  the  removal 
of  the  silica. 

lOp.  cit.,  p.  124. 
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The  second  theory,  which  he  regards  as  the  more  probable,  is  that 
the  Tertiary  sea  penetrated  to  the  still  highly  heated  igneous  rocks 
and  that,  under  the  influence  of  high  pressure  and  high  temperature, 
the  constituents  of  the  sA'enite  were  dissolved  and  brought  to  the  sur- 
face in  solution,  the  water  emerging  in  the  form  of  hot  springs.  As 
soon  as  the  pressure  was  removed  and  the  temperature  was  reduced, 
the  excess  of  dissolved  matter  began  to  precipitate  in  the  form  of  a 
basic  hydrate  of  aluminum  and  iron,  while  the  more  soluble  salts  of 
the  alkalies  were  still  held  in  solution.  The  continual  bubbling  and 
movement  of  the  water  would  result  in  the  formation  of  concretions 
about  some  small  nuclei. 

One  difficulty  with  this  theory  is  that  a  sufficient  time  nmst  have 
elapsed  after  the  intrusion  of  the  igneous  rock  for  its  complete  solidi- 
fication and  the  erosion  of  the  overlying  Paleozoic  cover.  Allowing 
the  most  rapid  erosion  conceivable,  the  time  required  to  remove  sev- 
eral hundred  feet  of  indurated  shales  and  sandstones  must  be  very 
considerable,  and  it  appears  scarcely  credible  that  the  intrusive  rock 
should  have  retained  any  considerable  portion  of  its  original  heat  until 
the  completion  of  this  process.  It  may  be,  however,  that  the  region 
has  been  subjected  more  recently  to  igneous  intrusions  or  dynamic 
disturbances  Avhich  have  given  rise  to  thermal  springs  capable  of  pro- 
ducing the  chemical  results  in  question.  The  occurrence  at  the  pres- 
ent time  of  hot  springs  only  30  miles  distant  from  the  bauxite  deposits 
makes  this  view  plausiJ)le. 

Another  difficulty  in  the  way  of  the  hot-spring  theorv  is  that  the 
bauxite  generally  has  the  form  of  a  I'ather  uniform  laver  spread  over 
the  surface  of  the  syenite.  It  does  not  occur,  at  any  rate  in  this  part 
of  the  district,  in  local  accumulations  such  as  Avould  be  expected  to 
form  about  the  vents  of  springs.  It  may  be,  however,  that  the  even 
distribution  of  the  material  is  due  to  the  fact  that  the  region  was 
covered  by  the  sea  at  the  time  th(>  deposition  took  place.  Under  such 
conditions  currents  might  so  distribute  the  solution  before  or  dui'ing 
the  precipitation  that  local  acciunulations  would  not  be  formed.  Some 
of  the  isolated  deposits  already  descrilu'd  have  somewhat  the  form 
which  might  be  expected  in  a  spring  deposit,  but  this  may  be  only 
superficial  and  disappear  when  t!H>y  are  more  fully  exposed. 

A  more  serious  objection  to  tlie  theory  which  requires  a  deep-seated 
origin  for  the  whole  of  the  alumina  c<)ntain(>d  in  the  bauxite  bed  is  the 
presence  in  the  deposits  of  the  granitic  ore.  Conditions  were  cer- 
tainl}^  present  at  the  surface  favorable  to  the  solution  and  removal  of 
the  silica,  lime,  and  alkalies  cont^iined  in  the  syenite  and  the  deposi- 
tion, in  place  of  the  constituents  removed,  of  some  alumina  in  addition 
to  that  which  originally  occurred  in  the  rock. 

Again,  if  tli(>  alumina  were  derived  from  considerable  depths  the 
passages  l)y  which  it   reached   the   surface   siiould    he    in    evidence. 
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Although  large  areas  of  the  syenite  are  perfectly  bare  of  any  cover, 
no  fissures  or  other  channels  of  an}'  kind  have  been  observed  by  which 
water  from  great  depths  could  reach  the  surface.  This,  of  course,  is 
negative  evidence,  and  has  weight  onh'  in  proportion  to  the  area  of  the 
syenite  exposed. 

While  the  objections  to  a  theory  of  a  wholly  deep-seated  origin  for 
the  bauxite  appear  serious,  it  is  even  more  difficult  to  explain  the  con- 
ditions which  must  have  prevailed  at  the  surface  if  the  reactions  giving 
rise  to  the  deposits  were  entirelv  superficial. 

It  seems  prol)able  that  the  true  explanation  will  combine  the  two 
theories — on  the  one  hand  that  which  ascribes  the  deposits  wholly  to  a 
deep-seated  origin,  and  on  the  other  that  which  ascribes  them  to  super- 
ficial chemical  reactions. 

To  sunnnarize  briefly,  the  main  facts  which  a  theory  for  the  origin 
of  these  deposits  must  explain  arc  as  follows: 

(1)  The  bauxite  deposits  are  confined  to  the  immediate  vicinity  of 
the  two  main  s\'enite  areas  or  the  intervening  region,  which  is  also 
presumably  underlain,  in  part  at  least,  by  similar  intrusive  rocks. 

(2)  The  deposits  contain  little  foreign  detrital  material,  and,  so  far 
as  oVjserved,  no  fragments  of  the  Paleozoic  i-ocks  originally  covering 
the  S3'enite. 

(3)  The  ore  occurs  as  a  l)ed  having  great  lateral  extent  compared 
with  its  thickness. 

(4)  The  ore  bed  occurs  as  a  toleral)ly  regular  mantle,  following  the 
undulations  of  the  syenite  surface,  varying  in  altitude  220  feet  or  more, 
and  oidy  slightly  thicker  in  depressions  than  on  elevations. 

(5)  The  ore  bed,  wherever  it  is  in  contact  with  the  syenite,  is  gen- 
erally composed  of  two  distinct  varieties — the  granitic  below,  resting 
on  the  altered  syenite,  and  the  pisolitic  above. 

(6)  Those  deposits  which  are  underlain  by  Tertiary  sediments  or 
which  occur  at  a  distance  from  the  syenite  contain  only  pisolitic  ore. 

(7)  The  pisolitic  ore  bears  evidence  of  having  been  brought  to  its 
present  position  in  solution  and  then  deposited  as  a  noncrystalline 
precipitate. 

(8)  The  granitic  ore  bears  evidence  of  having  been  formed  by  the 
action  of  a  chemical  solvent  upon  the  fresh  syenite. 

(9)  The  bowlders  of  granitic  ore  are  thoroughly  waterworn. 

(10)  The  ore  bed  is  immediately  overlain  by  horizontally  bedded 
sediments,  probably  marine. 

The  theor}'  which  best  conforms  to  these  premises  mav  be  briefly 
outlined  as  follows: 

The  syenite  of  the  bauxite  region  was  intruded  under  a  light  cover 
of  Paleozoic  rocks.  These  were  subjected  to  rapid  erosion  and  the  sur- 
face of  the  syenite  was  exposed.  Either  its  subjacent  portions  retained 
a  considerable  portion  of  their  original  heat  or  a  fresh  supply  of  heat 
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wu.s  furnished  b}'  renewed  intrusions  or  dynamic  disturbances.  The 
region  was  then  covered  by  a  bod}-  of  water  probabl}^  cut  off  from  the 
sea,  and  salt  or  highly  alkaline.  The  alkaline  waters  by  some  means 
gained  access  to  the  heated  portions  of  the  syenite  and  dissolved  its 
minerals.  The  heated  waters  returned  to  the  surface  heavily  charged 
with  the  constituents  of  the  syenite  in  solution.  The}^  were  still 
efficient  solvents,  however,  and  acted  upon  the  syenite  at  the  surface, 
removing  most  of  the  silica  along  with  the  lime  and  alkalies,  but  leav- 
ing the  alumina  and  depositing  in  place  of  the  constituents  removed 
about  as  much  more  alumina  as  the  rock  originally  contained.  Sonie 
of  the  alumina  brought  to  the  surface  in  solution  was  thus  deposited 
by  this  metasomatic  process,  replacing  a  part  of  the  silica  removed 
from  the  syenite,  but  a  larger  part  was  thrown  down  as  a  gelatinous 
precipitate  on  the  bottom  of  the  water  body  and  somewhat  evenly  dis- 
tributed over  the  undulating  syenite  surface,  at  the  same  time  acquir- 
ing the  pisolitic  structure  and  Ijecoming  mingled  with  the  bowlders  of 
aluminized  syenite.  Most  of  the  spring  exits  were  in  the  immediate 
vicinity  of  the  syenite  areas,  so  that  there  the  water  was  most  strongly 
impregnated  with  the  various  salts  in  solution  and  hence  precipitation 
of  the  alumina  was  most  rapid.  Wherever  the  ascending  solutions 
found  their  way  to  the  surface  by  an  isolated  conduit  through  the 
Tertiary  sediments  already  deposited  a  local  deposit  of  greater  or  less 
e.xtent  was  formed.  The  precipitation  of  the  alumina  must  have  taken 
place  almost  immediately  after  the  solution  emerged  from  the  conduit, 
otherwise  the  bauxite  would  hav(^  l)een  much  more  widely  dissemi- 
nated, or  even  entirely'  dissipated,  in  the  surrounding  sediments. 

The  formation  of  the  bauxite  bed  marks  a  single  episode  in  the  his- 
tor}^  of  the  region,  during  which  conditions  were  very  exceptional. 
This  episode  was  abruptly  inaugurated  and  as  abruptly  tei'uiinated. 
Conditions  returned  to  the  normal,  and  tlie  change  from  the  uiuisual 
chemical  deposits  to  the  ordinary  sedimentary  beds  is  sharp  and  dis- 
tinct. Th(>  formation  of  the  chemical  deposits  ma}^  have  been  ter- 
minated by  a  cessation  of  circulation  of  the  chemical  solvent,  by  a 
sudden  exhaustion  of  the  heat  su{)ply,or  by  a  change  in  the  conditions 
of  the  water  body  in  which  tlie  deposits  were  being  formed.  The 
latter  cause  appears  the  more  probable  one  for  the  production  of  so 
abrupt  a  change.  If  such  a  water  body  were  comparatively  small, 
of  exceptional  com])osition,  and  protected  from  the  incursion  of  detrital 
sediments,  as  appears  proliable,  the  establishing  of  free  connection 
with  the  open  sea  would  introduce*  changes  which  might  completely 
alter  the  character  of  the  dejjosits  l)eing  formed. 

The  theory  outliiied  above  is  the  l)est  at  present  avaiUible,  though  it 
is  confessedlv  unsatisfactory  and  incomplete.  Additional  light  will  be 
thrown  on  the  subject  by  a  study  of  tlie  various  chemical  reactions 
21  (iKOL,  PT  3—01 32 
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which  are  assumed  to  have  taken  place  in  passing  from  the  syenite  to 
the  bauxite,  and  also  by  further  study  of  the  relations  which  the 
deposits  bear  to  the  various  associated  formations.  Such  information 
will  come  only  with  the  further  development  of  the  field. 

ECOXOMIC  IIELATIOjSTS. 

DEVELOPMENT. 

In  view  of  the  distance  of  these  l)auxit(»  deposits  from  the  consumer 
it  is  manifest  that  a  great  saving  would  be  effected  by  refining  the  ore 
at  the  mines.  Much  of  the  ore  is  at  present  used  in  the  manufacture 
of  aluminum  sulphate,  or  conmiercial  "  alum,"  which  is  in  large  demand 
^y  paper  manufacturers.  It  is  at  present  cheaper  to  transport  the 
bauxite  to  the  sulphuric  acid  than  the  acid  to  the  bauxite.  The  reduc- 
tion of  zinc  ores,  however,  can  be  made  to  yield  a  large  amount  of  sul- 
phuric acid  as  a  l)y-product  with  very  little  additional  expense.  This 
does  not  bear  long  transportation,  and  if  utilized  at  all  it  must  be 
near  the  point  of  production.  The  proximity  of  the  Missouri  zinc 
deposits  to  the  Arkansas  bauxite  deposits  suggests  the  practicability 
of  bringing  the  two  ores  together  and  utilizing  the  by-product  of  one 
process  in  performing  the  other.  When  used  as  an  ore  of  aluminum 
the  bauxite  is  first  converted  into  pure  anhydrous  alumina,  AlgO.;. 
About  2  tons  of  bauxite  are  required  for  the  production  of  1  ton  of 
alumina.  The  value  of  the  bauxite  at  the  mine  is  about  $3  per  ton, 
whereas  the  value  of  the  alumina  is  $60  per  ton.  Hence,  if  the 
refining  were  done  at  the  point  of  production  the  value  of  the  prod- 
uct shipped  would  be  increased  about  ten  times,  while  the  weight 
would  be  decreased  one-half.  Since  the  freight  on  the  crude  ore  to 
the  factories  in  Pennsylvania  and  elsewhere  is  nearly  twice  the  value 
of  the  ore  at  the  mines,  the  saving  in  freight  alone  by  this  reduction 
in  weight  would  be  very  considerable,  even  though  the  rates  might 
be  somewhat  higher  on  the  refined  than  on  the  crude  product.  Con- 
siderable advantage  would  also  result  from  having  the  refining  plant 
at  the  mines  bv  reason  of  the  greater  ease  with  which  a  blended  ore 
might  be  obtained  exactly  suited  to  the  refining  process  employed. 
The  onl}'  advantage  which  the  present  plan  ofiers  is  the  fact  that  plants 
for  the  treatment  of  the  ore  are  already  established  and  the  necessary 
skilled  operatives  and  the  required  chemicals  are  at  hand  in  the  East, 
while  they  are  entirely  lacking  in  the  Southwest.  This,  however,  is  a 
temporarv  advantage,  and  when  it  is  recognized  that  the  Arkansas 
field  must  supply  the  raw  material  for  the  production  of  aluminum 
and  the  aluminum  salts  for  many  years  to  come,  it  is  evident  that  eco- 
nomic considerations  demand  the  establishment  of  refining  plants  at 
the  point  of  production.     Little  if  any  demand  has  hitherto  existed 
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for  the  necessary  chemicals  in  the  Southwest,  but  it  is  altogether  prob- 
able that  both  sulphuric  acid  and  caustic  soda  can  be  produced  as 
cheaply  in  Arkansas  as  at  any  other  point  in  the  United  States  when 
the  necessar}^  plants  are  once  established.  It  is  evident  from  the  fig- 
ures given  in  this  report  that  refining  plants  may  be  established  with 
perfect  assurance  of  the  supply  of  ore  being  sufficient  for  many  years. 

The  present  method  of  drying  the  ore  serves  merel}^  to  drive  off'  most 
of  the  moisture.  It  is  probable,  however,  that  a  considerable  saving 
in  weight  may  be  effected  by  grinding  the  ore  and  heating  it  to  a  suffi- 
ciently high  temperature  to  drive  off'  a  part  of  the  chemicallv  combined 
water.  If  all  the  water  were  driven  off,  the  ore  would  be  rendered  verv 
much  less  soluble,  but  the  solubility  appears  to  be  little  if  any  affected 
so  long  as  from  6  to  8  per  cent  of  water  remains.  A  reduction  in 
weight  of  20  to  25  per  cent  might  therefore  be  effected,  and  the  conse- 
quent saving  i"n  freight  would  doubtless  more  than  compensate  for  the 
expense  involved  in  the  process.  Another  advantage  would  be  that 
a  more  uniform  product  could  be  supplied  to  the  consumer,  and  one 
which  would  require  no  preliminary  treatment  before  use.  The  crush- 
ing and  grinding  machinery  now  required  b}'  each  consumer  would 
thus  be  concentrated  in  a  few  plants  at  the  mines. 

An  attractive  and  promising  field  is  open  for  experiment  in  the 
treatment  of  the  ore  after  mining.  A  reduction  of  a  few  per  cent 
in  the  content  of  iron  and  silica  increases  the  value  of  the  ore  so  much 
that  a  heav}'  inducement  is  offered  for  the  discover}-  of  some  method  of 
treatment  which  shall  secure  this  result.  Competition  with  foreign 
ores  and  with  the  (xeorgia- Alabama  district  renders  it  possible  to  ship 
only  the  very  best  of  the  Arkansas  ore,  and  any  method  of  reu)oving 
the  objectionable  constituents  will  i-ender  A  nuich  larger  proportion 
of  the  output  salal)le,  and  correspondingly  cheapen  mining. 

The  commercial  development  of  the  Arkansas  l)auxite  field  is  as  yet 
in  its  infancy.  Although  the  nature  of  the  deposits  was  recognized 
in  181)1,  their  value  was  not  appreciated  until  several  years  later.  It 
was  assumed  by  those  interested  in  the  bauxite  trade  that  the  (ireorgia- 
Alabama  fields  would  supply  all  den)ands  for  the  ore  for  many  years 
to  come,  and  its  superior  shipping  facilities  and  nearness  to  market 
gave  its  product  a  decided  advantage  over  that  of  the  Arkansas  field. 
A  study  of  the  geologic  conditions  under  which  the  Georgia-Alabama 
deposits  occur,  however,  showed  that  the  amount  of  ore  contained  in 
them  was  limited  and  that  the  field  would  be  exhausted  within  a  few 
years.  This  led  to  an  examination  of  the  Arkansas  field  and  to  heavy 
investments  in  the  lands  containing  the  deposits.  The  first  investor 
in  the  field  was  the  Southern  liauxite  Company  (Perry  &  Smith),  which 
secured  a  majority  of  the  deposits.  Shortly  afterwards  the  Pittsburg 
Reduction  Company  secured  .several   hundred  acres  of   land  in  the 
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Bryant  district,  and  the  Illinois  C'luMiiicul  ('oiiii)an\  a  somrwliat  smaller 
amount.  Both  of  those  companies  have  a  laroc  (juantity  of  jrood  ore 
in  siyht  and  have  made  som«'  shipments. 

A  ])lant  has  been  ostiiblished  at  Mabelvale  for  the  manufacture  of 
alumina  and  aluminum  salts.  It  was  afterwards  found  that  the  bauxite 
at  tiiat  point  was  too  siliceous  for  use  by  the  soda  method,  and  the 
])r()prietor,  E.  Metznauer,  secured  a  small  tract  of  land  in  the  Bryant 
district  from  which  a  considerable  amount  of  j^-ood  ore  has  been  taken. 

Shippers  have,  until  recently,  been  dejiendent  on  the  Iron  ^lountain 
Kailroad,  which  involved  a  wayon  haul  of  from  8  to  6  miles  from  the 
ditl'erent  portions  of  the  Bryant  district.  In  April.  1!>00,  the  Little 
Bock,  Hot  Sprinjjs  and  Western  Kailroad  was  opened  for  tnifHc,  con- 
ncctini;  with  the  Choctaw  system  in  I/ittle  Bock.  This  road  cuts 
throujrh  the  n(»rthwestorn  portion  of  the  tield,  and  spurs  are  beinjf 
built  directly  to  the  mines.  A  spur  will  also  ])robably  be  l)uilt  to  the 
mines  from  the  Iron  Mountain  road,  while  Perry  &  Smith  have  a 
charter  and  survey  for  a  road  intersectiii},'-  the  «>ntire  district  and  con- 
nectinir  with  both  trunk  lines.  With  th(>se  increased  shippinjf  facil- 
ities the  chief  ol)sta<-le  to  the  development  of  the  district  is  icmoved, 
and  it  will  doubtless  become  a  larye  producer  in  the  near  future. 

AMOUNT  OF  ORE. 

An  attempt  i>  made  on  the  accompanying,''  map  of  the  Bryant  district 
to  indicate,  in  addition  to  the  actual  areas  of  outcrop,  the  areas  within 
which  the  bauxite  bed.  havinj;  a  workal)le  thickness,  proljably  occurs 
under  a  cover  of  Tertiary  sediments.  It  should  be  definitely  undei'- 
stood,  however,  that  the  areas  thus  represented  have  not  been  tested 
in  such  a  manner  as  to  determine  whether  or  not  they  contain  ))auxite. 
The  estimates  as  to  the  extent  of  the  ore  are  ])ased  entirely  upon 
inference  from  observed  relations  at  its  outcrop,  and,  as  represented, 
it  can  be  rej^arded  at  best  as  only  an  ai)proximation  to  the  actual  condi- 
tions. The  map  has  been  drawn  conservatively,  and  it  is  quite  possil)le 
that  the  ore  »>xtends  farther  than  thereon  represented.  This,  however, 
is  a  matter  to  be  determined  only  by  future  systematic  prospecting. 
It  will  be  seen  that  the  area  of  the  ore  bed  under  cover,  if  the  infer- 
ence is  correct,  greatly  exceeds  that  of  the  outcrops  and  at  present 
visible.  The  following  table  gives  estimates  of  the  amounts  of  ore  in 
the  outcrops  and  under  cover  contained  in  the  several  sections.  They 
nuist  l)e  taken  with  a  wide  margin  of  allowance  for  probable  error, 
])ut  the  amounts  may  possibly  exceed  those  given  rather  than  fall 
below.  The  average  thickness  of  the  bed  on  which  the  estimates  are 
))ased  has  })oen  taken  much  below  the  maximum  ol^served  in  the  several 
sections.  It  may  still  be  too  high,  but  is  probably  below  rather  than 
above  the  actual  figure.  This  element  in  the  estimates  is  liable  to  be 
materially  changed  as  the  field  is  more  thoroughly  ])i-ospected. 
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Estimates  of  iniioiint  of  ore  in  Arkansas  bauxite  region.^ 


Outcrops. 

Under  cover. 

Area. 

Average 
thickness. 

Amount. 

Area. 

Average 
thickness 

Amount. 

Acres. 

Fed. 

Tons. 

Acres. 

Feel. 

T<ins. 

0 

3 

8 

73, 000 
510, 400 

9 

8 

218,  700 

21 

8 

23 

9 

628,  800 

42 

10 

1,275,900 

0 

10 

12 

364, 600 
510, 400 

12 

10 

364,  500 

14 

12 

26 

10 

790,  500 

20 

13 

790, 000 

11 

12 

401, 000 

75 

12 

2,  734,  200 

6 

6 

109,  400 

46 

8 

1,117,900 

14 

10 

425,  .300 

120 

12 

4,  375,  000 

10 

10 

303,  800 

120 

12 

4,  375, 000 

2 

10 

60,  700 

153 

10 

4,  708, 900 

8 

6 

145, 800 

52 

10 

1, 579, 800 

1 

6 

18,  200 

35 

10 

1,063,300 

17 

5 

258,  200 

60 

5 

911, 400 

0 

73 

8 

1  774  200 

4 

5 

60,  700 

35 

5 

531,  600 

0 

3 

5 

45,  600 
2,  278,  500 

22 

8 

534,  700 

75 

10 

6 

15 

273,  400 

10 

15 

455,  700 

6 

10 

182,300 

•      130 

10 

3,  949,  400 

16 

10 

486,  000 

43 

10 

1,  306,  300 

7 

6 

127,  600 

28 

8 

680, 500 

14 

8 

340,  200 

25 

8 

607, 600 

3 

8 

72,  900 

13 

8 

315, 900 

3 

8 

72,  900 

62 

8 

1,506,800 

8 

10 

243,  000 

20 

10 

607, 600 

6 

5 

91,100 

33 

^ 

701,700 

5 

6 

91,100 

17 

8 

413, 200 

1 

8 

24,  300 

55 

5 

835,400 

1 

5 

18,  200 

20 

5 

303, 800 

5 

8 

121,500 

95 

7 

2,  020,  300 

5 

6 

91,100 

47 

5 

713, 900 

3 

5 

45,  600 

18 

5 

273,  400 

sw. 

SE. 
SW. 
SE. 
NW. 
NE. 

SE. 
XAV. 
NE. 
SW. 
SE. 
NW. 
NE. 
SE. 
N\V. 
SW. 
NW. 
NE. 
NW. 
NE. 
SW. 
SE. 
NW. 
NE. 
SW. 
SE. 
NW. 
NE. 
SE. 
NW. 
NE. 
SW. 


'The  specific  gravity  of  bau.xite  i.s  taken  as  2.5,  and  the  amount  of  ore  in  a  bed  1  acre  in  extent  and 
1  foot  thick  as  3,038  tons  of  2,240  pounds. 

Tons. 

Total  atnount  estimated  in  outcrops 6, 601, 500 

Total  amount  estimated  under  cover 43^  711^  200 
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The  aggregate  amount  of  ore  in  these  deposits  as  indicated  in  the 
above  table  is  very  gratifying.  Even  if  future  prospecting  should 
necessitate  the  revision  of  the  table  by  reducing  both  the  area  under 
cover  and  the  thickness  of  the  bed  the  aggregate  tonnage  would  still 
retain  respectable  proportions.  No  attempt  has  been  made  to  estimate 
the  amount  of  ore  in  the  several  isolated  deposits  above  described,  nor 
in  the  Fourche  Mountain  district.  In  these  deposits  the  difficulties  of 
determining  the  thickness  of  the  bed  arc  much  greater  than  in  the 
Bryant  district.  Also  the  relations  of  the  bed  to  adjacent  formations 
are  more  obscure,  so  that  no  basis  is  afforded  for  estimating  the  extent 
of  the  bed  under  cover. 

QUALITY  OF  THE  ORES. 

How  much  of  this  aggregate  will  prove  to  l)e  merchantable  ore  is  a 
question  which  it  is  quite  impossible  to  answer  at  the  present  time. 
The  two  constituents  which  detract  from  its  value  are  iron  and  silica. 
The  former  is  chiefly  objectionable  when  the  acid  method  is  employed 
in  refining,  and  the  latter  when  the  alkali  method  is  employed.  The 
experimental  mining  of  the  last  year  has  shown  that  no  difficult}'  will 
be  experienced  in  obtaining  ore  which  will  run  under  3  per  cent  in 
one  or  the  other  of  these  objectionable  ingredients.  The  granitic 
variety  promises  especially  well,  since  it  generally  contains  less  than 
3  per  cent  of  silica  and  almost  no  iron,  except  that  which  is  segregated 
and  can  be  removed  by  hand  picking  in  the  mine.  Commercial  analy- 
ses^ of  this  variety  give  the  following  results: 

Analysis  of  granitic  variety  of  bauxite. 

Tor  cent. 

Alumina  (AlA) - 63.00 

Silica  (SiO.,) 2.25 

Iron  ( Fe^Oj) 1 .  95 

Water .3 1 .  50  to  32 .  75 

Sp.  gr.,  2.  7. 

This  agrees  much  more  nearly  with  the  composition  of  gibbsite 
(Al^Og  3H20  =  alumina  65.4,  water  34.6)  than  of  bauxite  (Al^Oj  'm,0= 
alumina  73.9,  water  26.1).  If  the  definition  of  the  bauxite  family 
given  by  Lauer^  be  accepted,  this  material  will  be  excluded.  Accord- 
ing to  Lauer,  the  silica,  iron  oxide,  and  water  may  replace  one  another 
in  all  proportions,  and  the  sum  of  these  three  variable  elements  always 
amounts  to  about  27  per  cent.  While  this  generalization  is  hardly 
borne  out  by  the  analyses  of  American  bauxite,  it  is  nevertheless  true 
that  the  high  content  of  .water  and  the  low  content  of  silica  and  iron 
place  this  granitic  bauxite  in  a  class  by  itself.     Although  it  possesses 

1  Analyse';  furnished  by  Mr.  R.  S.  Perry,  general  manager  Southern  Bauxite  Co. 

2  The  bauxites:  a  study  of  a  new  mineralogical  family,  by  Francis  Lauer:  Trans.  Am.  Inst.  Min.  Eiig., 
Vol.  XXIV,  1894,  pp.  234-242. 
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no  trace  of  crystal  form  except  that  which  it  inherits  from  the  original 
feldspar,  it  would  seem  to  belong  more  properly  with  gibbsite  than 
with  bauxite. 

Some  portions  of  the  bauxite  bed  contain  a  ver}^  large  amount  of 
iron,  going  as  high  as  55  per  cent  Fe^Oj.  These  highl}'  ferruginous 
ores,  however,  make  up  but  a  small  proportion  of  the  entire  deposits. 
In  the  Bryant  district  they  are  confined  chiefly  to  the  outcrops  which 
occur  north  of  Hurricane  Creek  and  to  the  northern  portion  of  the 
area  represented  on  the  accompanying  map  in  sees.  9  and  10.  It  is 
possible  that  a  part  of  this  ferruginous  bauxite  may  sometime  be  util- 
ized as  an  iron  ore,  but  there  is  no  immediate  prospect  of  this. 

The  iron  of  these  ferruginous  ores,  and  that  which  is  present  in 
greater  or  less  amount  in  most  of  the  bauxite  of  this  region,  giving  it 
a  reddish  or  mottled  appearance,  was  doubtless  precipitated  along  with 
the  alumina.  In  addition  to  this  iron,  which  is  an  original  constituent 
of  the  bauxite,  many  of  the  outcrops  contain  veins  of  limoiiite,  which 
is  doubtless  a  secondary  deposit.  These,  as  already  described,  have  the 
form  of  irregular  undulating  plates  intersecting  the  bauxite  bed  and 
appearing  on  the  sides  of  a  cut  as  bands  from  1  to  2  inches  in  thick- 
ness. They  are  in  most  cases  nearly  vertical,  and  appear  to  occupy 
shrinkage  cracks.  While  the  iron  which  is  present  as  an  original  con- 
stituent will  doubtless  remain  constant  in  amount,  or  nearh^  so,  with 
increasing  depth  of  cover,  it  is  probable  that  this  secondary  limonite 
will  be  found  to  be  confined  largely  to  the  outcrop.  Prospecting  has 
not  gone  far  enough  to  afford  definite  information  on  this  point,  and 
it  can  only  be  stated  as  fairly  probabl(>.  It  is  probable  also  that  the 
ore  will  be  found  to  contain  a  smaller  percentage  of  silica  at  some  dis- 
tance und(>r  cover  than  upon  the  outcrop.  It  is  frequently  ol)served 
that  rocks  which  are  compact  and  very  siliceous  on  their  outcrops  are 
soft  and  ])orous  under  cover.  This  is  due  to  the  transfer  of  silica  in 
solution  from  one  part  of  the  I)ed  to  another  and  its  deposition  in  the 
exposed  ])ortions  by  the  evaporation  of  the  solvent.  This  decrease  of 
silica  with  increasing  depth  of  cover  has  been  noted  in  the  Georgia- 
Alabama  deposits,  and  in  the  Arkansas  deposits  the  conditions  are 
even  more  favorable  for  the  transfer  of  silica  to  the  outcrop. 

If,  as  appears  probable,  the  ore  is  found  to  improve  in  quality  by  a 
decrease  in  both  iron  and  silica  with  increasing  depth  under  cover,  this 
improvement  may  be  sufficient  to  compensate  for  the  added  expense 
of  mining  under  a  heavy  overburden. 

MINING    AND    PREPARATION    OF    ORE    FOR    MARKET. 

As  aliciidy  stated,  the  ore  shipments  thus  far  niade  from  the  Arkansas 
district  hav(>  been  largely  experimental,  and  final  mining  methods  liuve 
not  yet  b(>en  developed.  For  working  the  outcrop  the  mt^fhods  will  lie 
extrem(>ly  simple.     The  few  inches  or  feet  of  .soil  covering  the  bauxite 
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bed  is  removed,  and  the  ore  is  taken  out  by  ordinary  quarrying  methods. 
In  some  cases,  as  at  the  Illinois  Chemical  Company's  mines,  shown  in 
PI.  LXIV,  the  oi-e  requii'es  blasting-.  On  the  Pittsburg  Reduction 
Company's  property,  in  the  adjoining  quarter  section,  the  ore  has  the 
appearance  of  a  partially  compacted  gravel  bed,  and  can  be  mined  with 
little  or  no  ])lasting.  In  sec.  '2'2,  where  the  granitic  ore  is  most  abun- 
dant, the  bed  is  onl}-  slightlv  compacted  and  can  be  easily  worked  with 
a  pick. 

Where  the  bed  contains  bowlders  of  granitic  ore,  hand  picking  is 
necessary  to  separate  the  different  varieties.  This  will  add  somewhat 
to  the  cost  of  preparing  the  oi"e  for  the  market,  but  the  increased  cost 
will  probably  be  more  than  compensated  for  by  the  higher  grade  of 
the  product.  Hand  picking  is  also  rendered  necessary  where  there  is 
much  segregated  limonite.  By  careful  attention  in  mining  this  form 
of  iron  can  probably  be  almost  entirely  eliminated. 

The  greater  part  of  the  outcrop  of  the  ore  bed  is  so  located  that  it 
can  be  mined  without  serious  trouble  from  water,  as  natural  drainage 
will  be  readily  secured  in  most  cases.  The  Metznauer  bank  was  opened 
in  a  creek  bottom,  so  that  pumping  was  necessary,  but  most  of  the  bed 
lies  well  above  drainage. 

Some  variety  in  method  of  treating  the  ore  after  raining  is  necessary. 
The  compact  ore  of  uniform  textui'c  and  composition,  such  as  that 
Vjcing  mined  by  the  Illinois  Chemical  Company,  is  merel}^  crushed  to 
a])()ut  three-cjuarters  of  an  inch  and  then  passed  through  a  rotary  drier. 
This  company  has  a  small  plant  in  operation  for  this  treatment.  The 
gravel  ore  is  mixed  with  more  or  less  bauxitic  clay  and  re(iuires 
washing. 

What  will  be  the  largest  and  ))est-equipped  plant  in  the  district  is 
being  erected  by  the  Southern  Bauxite  Company.  This  is  located  at 
Perrysmith.  just  north  of  the  Little  Rock  and  Hot  Springs  Railway, 
in  the  northwest  corner  of  the  district.  It  will  contain  washers,  two 
improved  rotaiy  driers,  and  probably  a  series  of  crushers  and  screens. 
The  mill  is  connected  with  the  ore  deposits  to  the  southeast  and  south 
by  a  well-graded  and  macadamized  road.  It  is  proposed  to  employ 
traction  engines  for  hauling  the  ore  from  the  bank  to  the  mill. 

The  Pittsburg  Reduction  Companv  is  also  planning  to  erect  a  washer 
and  drier  in  the  NE.  ^  of  sec.  16.  This  site  is  already  connected  with 
the  Little  Rock  and  Hot  Springs  Railway  by  a  spur.  The  ore  lies  on 
either  side  of  a  narrow  valley  in  which  the  mill  is  to  be  located,  and 
can  be  delivered  to  the  mill  very  readih^  by  short  tram  roads.  The 
chief  disadvantage  of  this  location  will  probably  be  the  scarcity  of 
water  in  summer. 
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By  Charles  Willard  Hayes. 


IXTROnUCTIOX. 

The  deposits  of  white  phosphate  in  Perry  County,  Tennessee,  were 
described  at  some  length  in  the  Seventeenth  Annual  Report,  Part  II. 
At  the  time  the  tield  work  was  done  on  which  that  report  was  based 
these  deposits  had  been  very  imperfectly  pi'ospected,  so  that  their 
extent  and  geologic  relations  could  not  be  satisfactorily  determined. 
Since  1896  the  district  has  been  thoroughl}'  prospected  and  some  of  the 
deposits  are  })eing  actively  developed.  The  Perry  Phosphate  Com- 
pany has  established  a  plant  near  Toms  Creek  post-office  and  has 
opened  mines  on  both  sides  of  Wilsdorfs  Branch  near  its  junction  with 
Toms  Creek.  The  rock  is  hauled  by  wagon  5  miles  to  the  Tennessee 
River  and  sent  to  market  in  l)arges. 

The  district  was  revisited  by  the  writer  in  October,  1S99,  and  again 
in  March,  1900.  Ever}^  locality  in  the  district  where  phosphate  had 
been  reported,  or  where  leases  had  been  taken  with  a  view  to  mining, 
was  examined.  The  many  prospect  pits,  but  more  especially  the  mines 
opened  on  Wilsdorfs  Branch,  afforded  an  excellent  opportunity  to 
determine  the  geologic  relations  of  the  deposits.  In  general  the  con- 
clusions reached  from  previous  examination  of  natural  outcrops  were 
confirmed,  but  additional  facts  were  observed  which  throw  much  light 
on  the  mode  of  formation  of  the  deposits  and  their  probable  extent. 

DKSCRIPTION  OF  THE   WILSDOUF  DEPOSITS. 

The  mines  of  the  Perry  Phosphate  Company  are  at  Toms  Creek 
post-office,  on  either  side  of  Wilsdorfs  Branch  near  its  junction  with 
Toms  Creek.  The  openings  are  at  the  points  marked  //and  Kon  the 
map  of  Toms  Creek  accompanying  the  1896  report.  The  principal 
developuKMit  has  been  on  the  east  side  of  the  branch.  At  the  time  of 
the  previous  examination  the  breccia  phosphate  was  found  on  the  hill- 
side, extending  around  the  point  and  (>astward  some  distance  up  the 
valley  of  Toms  Creek.  A  few  shallow  pits  had  been  dug  and  a  small 
amount  of  the  lamellar  variety  of  phosphate  was  found  eml)edde(l  in 
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tlie  clay.  The  entire  natural  outcrop,  however,  consisted  of  the 
breccia.  An  area  of  about  one-half  acre  has  been  stripped  along  the 
hillside  and  the  phosphate  removed.  From  the  face  thus  exposed  a 
drift  has  been  run  about  150  feet  into  the  hill,  with  numerous  cross- 
cuts on  either  side.  The  phosphate  found  under  cover  is  composed 
entirely  of  the  lamellar  variety,  the  breccia  being  apparently  confined 
to  the  surface  outcrops.  A  continuous  bed  of  phosphate  is  found, 
varying  from  1^  to  7  feet  in  thickness.  It  is  not  horizontal,  but  shows 
considerable  undulations,  varying  in  altitude  as  much  as  JO  feet  in  lUO. 
The  phosphate  rests  in  part  upon  an  undulating  floor  of  limestone  and 
in  pai't  upon  purple  and  blue  clay  which  intervenes  l)etween  the  phos- 
phate and  the  limestone.  It  does  not  replace  any  particular  stratum, 
as  is  so  clearly  the  case  with  the  brown  phosphate,  but,  where  the 
surface  of  the  limestone  rises  in  knobs  and  hummocks,  the  phosphate 
bed  passes  over  these  like  a  blanket.  In  addition  to  the  lamellar 
plates,  but  intimately  associated  with  them,  are  portions  of  the  phos- 
phate which  are  almost  structureless,  generally  greenish  in  color,  and 
slightly  softer  than  the  plates.  The  bed  shows  a  certain  amount  of 
stratiHcation,  though  the  planes  are  not  continuous  for  any  distance 
and  are  not  strictly  horizontal.  It  has  the  appearance  of  plates 
deposited  from  solution  rather  than  from  suspension  in  water.  It  has 
apparently  suffei-ed  considerable  motion,  which  has  resulted  in  the 
production  of  numerous  fractures,  and  in  most  cases  these  fractures 
have  subsequently  been  recemented  ])y  phosphate.  In  some  cases  the 
diflerent  layers  are  separated  by  a  thin  Him  of  greenish  clay.  The 
upper  surface  of  the  phosphate  bed  is  nuich  less  i-egular  than  the  lower 
surface.  A  part  of  these  irregularities  appear  to  ])e  due  to  secondar}- 
motions  bv  which  the  mass  has  })een  ])i'oken  up,  but  more  largely  to 
original  irregularities  of  deposition.  Overlying  the  phosphate  bed  is 
a  layer  of  elay  from  3  to  8  feet  in  thickness,  made  up  of  irregular 
bands  and  lenses  varying  slightly  in  composition  and  color.  This  clay 
contains  variable  quantities  of  phosphate,  consisting  of  small  frag- 
ments of  the  separate  plates  and  large  irregular  masses  up  to  several 
tons  in  weight.  The  latter  are  generalh'  much  broken  and  often  con- 
stitute breccias  composed  of  angular  fragments  of  lamellar  phosphate 
held  together  by  phosphate  which  has  been  suljsequently  deposited  in 
the  cracks  and  thus  acts  as  a  cement.  These  masses,  as  well  as  the 
smaller  fragments  scattered  through  the  clay,  do  not  appear  to  occupy 
their  original  position.  The  small  fragments  are  most  abundant  in 
the  light-yellow  and  blue  portion  of  the  clay  and  are  less  abundant  or 
wanting  in  the  deep-red  clay.  They  are  frequently  quite  soft  and  in 
some  cases  resemble  deeply  decayed  white  chert.  Above  the  phos- 
phatic  cla}^  is  another  layer  of  clay  about  6  feet  in  thickness,  contain- 
ing many  limestone  bowlders.  These  vary  in  diameter  from  1  to  *i 
feet,  and  are  evidently  residual,  having  characteristic  irregular  solu- 
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ti )iitliiH's.     FiiiiiUy.  ul)()ve  this  layer  are  .several  feet  of  red  and 

yellow  clay  contain ini;-  much  angular  chert.  This  cherty  clay  forms 
the  surface  soil.  The  appearance  of  the  phosphate  bed  is  shown  on 
PI.  LXV.  It  also  shows  the  overlying  clay  with  its  embedded  bowlders 
of  phosphate  and  limestone. 

On  the  opposite  side  of  Wilsdorfs  Branch  the  phosphate  has  been 
opened  by  stripping,  and  the  conditions  are  somewhat  similar  to  those 
above  noted.  The  phosphate  bed  is  here  also  continuous,  but  some- 
what thinner,  varying  from  2  to  4  feet  in  thickness.  Above  this, 
instead  of  the  obscurely  bedded  da}-,  there  is  from  8  to  10  feet  of  clay, 
sand,  and  gravel,  the  latter  containing  pebbles  as  large  as  3  inches  in 
diameter,  but  mostly  between  one-half  inch  and  1^  inches.  The  gravel 
is  well  rounded  and.  so  far  as  observed,  composed  entireh'  of  chert. 
This  material  was  evidently  deposited  by  running  water,  but  the  bed- 
ding is  extremely  irregular  and  the  materials  are  imperfectly  sorted. 
The  material  gives  the  impression  of  having  been  deposited  by  a  stream 
flowing  under  hydrostatic  pressure;  in  other  words,  of  being  a  cave 
deposit.  Above  the  gravel  is  Clav  similar  to  that  on  the  opposite  side 
of  the  branch,  containing  large  irregular  masses  of  phosphate,  and 
flnally  a  thin  layer  of  cherty  clay  soil  forming  the  surface. 

ORIGIX  OF  THE  DEPOSITS. 

As  stated  in  the  former  report  on  these  white  phosphates,  the  con- 
clusion arrived  at  from  examination  of  the  surface  outcrops  was  that 
the  lamellar  variety  had  been  formed  by  deposition  from  solution  in 
cavities  in  the  limestone.  The  observations  recently  made;  on  the  more 
extended  exposures  amply  contirm  this  conclusion.  They  show,  more- 
over, what  could  not  be  det(>rmined  from  the  surface  outcrops,  that 
the  cavities  in  which  deposition  took  place  were  very  extensive,  form- 
ing, in  fact,  large  caverns  in  the  limestone.  It  appears  that  the  phos- 
phate was  deposited  in  a  somewhat  uniform  and  continuous  layer  on 
the  floors  of  these  caverns  in  general,  following  their  undulations,  but 
more  was  deposited  in  the  depressions  than  on  the  elevations.  Phos- 
phate was  also  deposited  in  less  regular  cavities  in  a  limestone  above 
the  stratum  in  which  the  main  cavern  formed.  When  this  limestone 
was  dissolved  these  masses  settled  down  willi  the  residual  clay  in  which 
they  are  now  em))edded.  During  this  i-eadjustment,  brought  about  b}' 
the  .solution  of  the  limestone,  the  phosphate  was  repeatedly  fractured 
and  recemented,  giving  it  a  brecciated  structure.  The  phosphate  was 
doubtless  deposited  in  these  caverns  from  (juiet  water,  but  they  also 
contained  at  times  rapid  streams  Avhich  carried  sand  and  gravel  and 
formed  alluvial  d(>posits.  The  latter  difl'er  distinctly  from  thos(^  formed 
by  surface  streams  under  ordinary  conditions.  Since  the  stream  was 
more  or  lesscontined  above  by  the  roof  of  the  cavern,  as  well  as  at  the 
sides,  the  water  was  sometimes  under  liydrostatic  pressure.     Under 
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such  conditions  the  laws  which  govern  ovdinaiy  stream  transportation 
and  deposition  do  not  apply,  and  the  deposits  possess  certain  charac- 
teristics which  clearl}'  indicate  the  conditions  under  which  they  were 
formed. 

EXTENT  OF  THE  DEPOSITS. 

Since  the  lamellar  variet^^  of  the  white  phosphate  was  deposited  in 
limestone  caverns,  it  will  be  found  only  where  the  conditions  were 
favoral)le  for  the  formation  of  caverns.  It  need  not  be  expected  above 
the  top  of  the  Silurian,  since  the  Carboniferous  limestone  in  this  region 
contains  so  large  a  proportion  of  chert  and  other  impurities  that  it 
probabh-  never  gi\es  rise  to  the  formation  of  caverns.  It  should  fur- 
ther be  noted  that  certain  horizons  in  the  Silurian  limestone  are  much 
more  soluble,  and  hence  better  adapted  to  cavern  formation,  than  others. 
This  is  the  characteristic  of  certain  beds  of  Upper  Silurian  limestone 
which  have  a  gi'anular  crystalline  structure  and  are  composed  largely 
of  crinoid  stems.  "\\  herever  these  beds  are  exposed  hy  stream  cutting 
they  are  apt  to  })e  cavernous.  At  numerous  points  in  this  region  the 
streams  sink  and  flow  for  considera])le  distances  in  underground  chan- 
nels, and  this  is  most  often  the  case  where  the  erosion  of  the  valle3'S 
has  reached  the  surface  of  this  easily  soluble  limestone.  The  white 
phosphate  therefore,  although  its  connection  Avith  any  particular  bed 
is  in  a  measure  accidental  and  not  essential,  as  is  the  case  with  the 
brown  phosphate,  may  be  expected  to  occur  in  greatest  quantit}^  at  the 
horizon  of  these  particular  l)eds.  Hence  the  latter,  identified  b}^  their 
peculiar  fossils  and  ph3^sical  characteristics,  Avill  aft'orcl  a  guide  of  some 
value  in  further  prospecting. 

Since  this  phosphate  was  deposited  in  caverns,  it  can  not  1)e  expected 
to  have  very  great  lateral  extent.  As  stated  in  the  previous  report,  it  is 
essentially  a  pocket  deposit,  although  the  possibilities  for  extensive 
deposits  are  much  greater  than  were  recognized  at  the  time  that  report 
was  made.  The  examination  of  one  deposit,  no  matter  how  thoroughly 
it  is  exposed  to  view,  will  not  enable  the  prospector  to  make  definite 
estimates  as  to  the  extent  of  any  other  deposit.  Doubtless  similar 
natural  exposures  may  lead  to  inferences  of  some  value,  but  they  can 
not  be  depended  upon  to  take  the  place  of  actual  prospecting.  Each 
deposit  nmst  be  examined  itself,  and  the  amount  of  rock  which  it  con- 
tains, as  well  as  its  character  and  the  depth  of  overburden,  must  be 
determined  by  systematic  exploitation,  similar  to  that  which  has  been 
employed  bv  the  Perry  Company  at  Wilsdorfs  Branch.  The  neces- 
sity for  this  thorough  examination  of  each  individual  deposit  can  not 
be  dwelt  upon  too  strongly. 

Probably  the  greater  part  of  the  white  phosphate  in  this  district 
will  be  obtained  by  open  workings.  The  character  of  the  overljur- 
den — unconsolidated  clay  in  which  movement  takes  place  with  great 
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ease — is  such  thiit  uii(leij»round  working  will  be  attended  with  the 
greatest  difficulty.  Substantial  and  expensive  timbering  would  be 
required  wherever  the  phosphate  was  removed,  and  doubtless  even 
then  a  large  proportion  of  the  rock  would  be  wasted.  The  specific 
gravitN'  of  this  rock  is  so  much  greater  than  that  of  the  brown  phos- 
phate that  a  ver}'  much  greater  overburden  can  be  removed  with 
profit  for  the  same  thickness  of  bed.  AVhere  the  phosphate  bed  has  a 
thickness  averaging  3  feet  it  is  pro])able  that  lO  or  18  feet  of  over- 
burden can  be  removed  with  profit  while  the  rock  commands  present 
prices.  The  phosphate  which  is  disseminated  through  the  overlying 
clay  can  be  saved  easily  with  the  proper  plant,  which  should  include 
screens  and  washers.  Owing  to  the  much  greater  density  of  this  rock, 
the  matter  of  drj'ing  is  less  important  than  with  the  brown  phosphate. 
It  would,  however,  probably  pay  to  dry  the  rock  before  shipment,  and 
this  might  be  done  by  open-air  burning,  or  more  economically  with  an 
ordinaiv  rotary  drier. 

DEPOSITS    IX    OTHER    PARTS    OF    THE    DISTRICT. 

Considerable  interest  attaches  to  the  distribution  of  the  white  phos- 
phate and  the  possible  extension  of  the  productive  territory.  If  the 
conclusion  outlined  above  is  correct — namely,  that  the  phosphate 
deposits  were  accumulated  in  caverns  in  the  limestone — a  consideration 
of  the  geologic  conditions  prevailing  elsewhere  in  the  district  should 
be  of  material  assistance  in  locating  other  deposits. 

The  topography  of  the  region  between  the  Tennessee  and  Buffalo 
I'ivers  has  been  described  in  a  previous  report,  but  its  main  features 
ma}'  be  again  briefly  described  in  ord(>r  to  render  statements  regard- 
ing the  distril)uti()n  of  the  deposits  intelligible.  For  a  considerable 
distance  the  liuflalo  and  Tennessee  rivers  flow  north  nearly  parallel 
with  each  other,  and  their  tributaries  head  upon  tlie  intervening  land 
and. join  the  trunk  streams  very  nearly  at  riglit  angles,  flowing  east 
to  the  Buffalo  and  west  to  tlie  Tennessee.  The  tributaries  of  the 
Bufl'alo  are  very  short  as  conipar(>d  with  those  of  the  Tennessee,  so 
that  the  divide  between  tlie  two  diainage  basins  is  much  nearer  the 
former  stream  tlian  the  latter.  Streams  of  considerable  size  enter 
the  Tennessee  at  intervals  of  about  5  or  t!  miles,  and  shorter  ones 
frequently  intervene  between  these  main  trilmtaries. 

Beginning  in  the, vicinity  of  Peiryville,  the  creeks  of  the  first  class 
which  enter  the  Tennessee  are  Spring,  Lick,  Toms,  Koan,  and  Crooked; 
while  tlie  streams  of  the  second  class  are  Parish  Branch,  l)etween 
Spring  and  Lick  creeks,  and  l^eer  creek,  between  Lick  and  Toms 
creeks.  These  creeks  are  characterized  by  rather  narrow,  level  valleys 
and  are  separated  by  ridges  rising  'MH)  or  400  feet  higher  than  (he  valle}' 
bottoms.      Thes(>  ridges  are  simply   portions  of  a  deeply  dissected 
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upland  plateau,  the  altitude  of  which  in  this  region  is  between  900 
and  1.000  feet.  They  are  capped  b}'  the  Lower  Carboniferous  chert, 
and  are  entireh'  covered  with  forests.  While  these  ridges  reach  a 
tolerably  uniform  elevation,  the  distance  from  their  summits  down  to 
the  limestone  is  quite  variable.  Thus,  in  the  ridge  between  Lick  and 
Spring  creeks  the  chert  ih  comparatively  thin,  the  limestone  reaching 
more  than  two-thirds  of  the  way  from  the  valley  bottom  to  the  top  of 
the  ridge.  The  rocks  of  the  region  are,  in  a  general  way,  horizontal, 
though  not  strictly  so,  and  when  considered  in  broad  area  they  show 
considerable  undulations.  It  should  be  remarked  that  the  Devonian 
appears  to  be  entirel}'  wanting  in  this  region,  the  Lower  Carbonifer- 
ous chert  or  cherty  limestone  resting  directly  ii]X)n  some  member  of 
the  Silurian,  usually  the  sparry  crinoidal  limestone  above  described. 
The  beds  descend  toward  the  north,  and  in  Roan  and  Crooked  creeks 
the  valleys  are  not  cut  down  to  the  surface  of  the  limestone.  On 
Toms  Creek  there  is  a  dip  to  the  westward  which  carries  the  surface 
of  the  limestone  below  the  creek  valle}'  a))out  4  miles  from  its  mouth. 
It  then  rises  so  that  the  limestone  is  exposed  between  this  point  and 
the  Tennessee  River,  but  again  dips  westward,  and  the  surface  of  the 
limestone  is  probably  near  the  river  surface  at  the  mouth  of  Toms 
Creek.  On  Roan  Creek  the  limestone  is  nowher(x  exposed  except  in 
the  bed  of  the  Tennessee  River  near  its  mouth.  It  will  be  readih' 
understood  that  the  conditions  favorable  for  the  deposition  and  pres 
ervation  of  d(>posits  of  white  phosphate  are  most  favorable  in  those 
regions  where  the  surface  of  the  limestone  reaches  a  short  distance 
above  the  level  of  the  valley  bottoms.  Where  the  surface  of  the 
limestone  is  too  high  above  the  vallc}'  l)ottoms  the  deposits,  if  they 
were  ever  present,  have  been  largeh^  removed  by  erosion,  whereas  the 
conditions  for  the  formation  of  caverns  are  not  present  where  the 
limestone  surface  is  below  the  level  of  permanent  ground  water  in 
the  valleys. 

On  the  south  side  of  Spring  Creek  about  three-fourths  of  a  mile 
from  the  Tennessee  River  is  a  small  deposit  of  white  phosphate,  on  the 
hillside,  from  75  to  100  feet  above  the  level  of  the  creek.  The  slope 
is  steep  and  covered  with  a  thin  layer  of  chert,  through  which  the 
limestone  ledges  project  at  many  points.  The  deposit  has  been 
thoroughly  prospected  by  means  of  a  long  trench  on  the  hillside  and 
also  a  shaft.  The  chert  is  confined  chiefly  to  a  few  inches  of  surface 
soil.  Under  this  is  3^ellow  clay,  with  fragments  of  limestone  and  some 
chert,  down  to  the  surfa(,-e  of  the  solid  limestone  ledges.  The  latter  is 
extremely  irregular,  and  the  small  cavities  contain  numerous  bowlders 
of  white  phosphate  embedded  in  the  yellow  or  blue  clay.  The  amount 
of  pliosphate  exposed  in  the  cut  is  very  small,  and  there  is  no  indica- 
tio)i  of  a  large  body  at  this  point. 

About  2  miles  east  of  the  above  locality,  on  a  tributary  of  Spi'ing 
Cre(>lv,  there  are  a  couple  of  small  areas  on  the  hillside  cai'rying  some 
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bowlders  of  phosphate.  The  slopes  are  covered  with  chert  and  yellow 
clay,  in  which  the  phosphate  is  embedded.  No  prospecting  has  been 
done  at  this  point,  but  the  limited  extent  of  the  territory  covered  by 
the  float  indicates  that  the  deposits  are  small  in  extent.  Numerous 
outcrops  of  limestone  show  that  the  solid  rock  is  near  the  surface, 
which  precludes  the  possibility  of  finding  extensive  deposits  of  phos- 
phate here. 

The  next  deposits  to  the  north  are  on  the  hillside  facing  the  Ten- 
nessee River  near  the  mouth  of  Parish  Branch,  and  about  a  mile  from 
the  river  on  the  south  side  of  this  branch.  Both  these  localities  have 
been  thoroughly  prospected.  The  phosphate  is  somewhat  more  abund- 
ant than  at  the  locality  first  described,  but  it  is  evidently  limited  by 
the  shallowness  of  the  clay  which  covers  the  limestone.  The  phosphate 
appears  to  be  of  excellent  quality,  being  made  up  entirely  of  the 
lamellar  variet}-,  white  or  pink  in  color,  alternating  with  zones  slightly 
more  massive  and  somewhat  porous,  which  have  a  gray  or  greenish 
color.  The  phosphate  occurs,  so  far  as  can  be  seen,  onlj'  in  bowlders 
disseminated  through  the  clay,  but  most  abundant  near  the  surface  of 
the  limestone.  It  does  not  form  a  continuous  layer  as  at  Toms  Creek, 
and  the  amount  of  clay  to  be  removed  would  be  considerable  compared 
with  the  amount  of  phosphate  obtained.  These  deposits  may  contain 
a  few  hundred  tons,  but  from  present  indications  the  amount  would 
scarcely  exceed  that. 

The  white  phosphate  has  been  found  at  three  points  on  Lick  Creek. 
The  first  is  about  2  miles  from  the  Tennessee  River,  on  the  Sparks 
place.  It  is  near  th(^  top  of  a  spur  on  the  south  side  of  the  creek.  The 
surface  of  the  limestone  is  covered  with  a  thin  layer  of  chert}''  clay,  and 
within  an  area  about  .50  by  100  feet  numerous  fragments  of  phosphate 
occur  on  the  surface  and  are  shown  in  a  few  shallow  pits.  The  small- 
ness  of  the  area  within  which  the  float  rock  is  found  indicates  that  no 
consideral)le  deposit  occurs  here,  iilthough  there  may  be  a  pocket  of 
some  depth.  About  5^  miles  from  the  river,  also  on  Lick  Creek,  the 
phosphate  shows  in  the  roadside  as  a  ledge  in  place  about  2  feet  in 
thickness.  Its  lateral  extent  can  not  be  determined,  but  it  is  probably 
not  great.  Little  if  any  float  rock  appears  on  the  surface,  and  the 
presence  of  the  ledge  would  not  be  suspected  except  for  the  accidental 
exposure  in  the  road  cutting.  About  a  mile  farther  up  the  creek  on 
the  south  side  of  the  valley,  on  Tom  Young's  place,  several  large  bowl- 
ders of  i^hosphate  occur  on  the  cultivated  hillside.  No  prosi)ecting  has 
been  done  here,  but  the  scarcity  of  float  would  indicate  that  the  deposit 
is  small. 

The  distiil)uti()ii  of  ihe  ])hospli!itv  deposits  on  Toms  Cii-ek  has 
already  been  described,  and  thorougli  prospecting  has  failed  to  reveal 
any  considerable  amount  between  the  main  deposits  near  the  mouth  of 
Wilsdorfs  liranch  and  the  Tennessee  River. 

On  Roan  Creek,  which  is  next  north  of  Toms  Creek,  white  pliosphate 
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has  been  found  at  one  point  about  5^  miles  from  the  Tennessee  River. 
A  prospect  pit  in  the  creek  bottom  has  brought  to  light  a  small  amount 
of  the  breccia  variety.  The  phosphate  forms  a  matrix  in  which  par- 
tially rounded  chert  pebbles  are  embedded.  The  latter  are  in  every 
way  similar  to  the  gravel  formins?  the  bed  of  the  creek.  As  already 
stated,  this  creek  does  not  cut  down  to  the  limestone,  except  at  its 
mouth,  and  therefore  the  conditions  favorable  for  the  formation  of 
the  lanieller  variet}*  are  nowhere  present  in  its  valley.  The  same  con- 
ditions prevail  in  the  next  creeks  to  the  north,  Crooked  Creek  and 
Blue  Creek.  Numerous  leases  have  been  taken  on  the  farms  in  these 
valleys,  but  the}'^  afford  no  indication  whatever  of  deposits  'of  phos- 
phate. Occasional  bowlders  of  chert  breccia  cemented  by  limonitc  are 
found,  and  these  are  locally  regarded  as  indications  of  phosphate. 
The}',  of  course,  afford  no  indication  whatever  of  the  presence  of  such 
deposits. 

Little  can  l)e  added  to  descriptions  of  the  Toms  Creek  deposits  east 
of  "Wilsdorfs  Branch  contained  in  the  former  report.*  Thev  have  not 
been  opened  to  any  extent,  and  while  conditions  at  a  few  points  are 
favorable  for  the  existence  of  extensive  deposits,  their  extent  can  be 
determined  only  by  further  systematic  prospecting. 

Some  prospecting  has  been  done  in  the  vicinit}'  of  Beardstown  at 
points  noted  in  the  181>6  report.  The  lamellar  phosphate  here  occurs 
more  or  less  intermingled  with  clay,  and  the  test  pits  have  not  yet 
revealed  a  continuous  bed  such  as  appears  at  Toms  Creek.  It  is  by  no 
means  impossible,  however,  that  such  a  bed  may  not  occur  at  greater 
depth  than  the  pits  have  yet  reached.  This  locality  affords  better 
promise  than  any  other  in  the  district  except  Wilsdorf,  and  is  worthy 
of  more  systematic  exploration  than  it  has  yet  received. 

^'ATJIKTIES   OF   PHOSPHATE. 

In  the  former  report  on  the  Tennessee  white  phosphates  the  following 
classification  of  the  deposits  was  adopted:  (1)  Stony,  (2)  lamellar,  (3) 
breccia. 

The  first  variety  consists  of  a  siliceous  skeleton,  the  cavities  in  which 
were  oi-iginallv  filled  with  lime  carbonate,  but  are  now  filled  with  lime 
phosphate.  The  latter  forms  from  27  to  33  per  cent  of  the  rock.  This 
ston}'  phosphate  is  found  in  considerable  abundance  in  the  northern 
part  of  Perry  County,  on  Terrapin  and  Redbank  creeks.  No  attempt 
has  3'et  been  made  to  utilize  it,  and  unless  some  inexpensive  method  is 
devised  for  concentrating  the  lime  phosphate,  it  is  too  low  grade  to 
compete  with  the  other  varieties. 

The  third  variety,  the  breccia  phosphate,  which  forms  most  of  the 
surface  outcrops  in  the  Toms  Creek  district,  appears  to  be  confined 
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almost  exclusively  to  the  surface.  Its  importance,  therefore,  is  rolu- 
tively  small,  and  it  is  questionable  if  it  exists  in  sufficient  quantity  to 
justify  the  development  of  machinery  for  separating  the  phosphate 
from  the  chert,  even  if  this  separation  were  found  to  he  practicable. 

Only  the  lamellar  variety,  therefore,  has  thus  far  been  developed. 
Fortunately  this  variety,  which  is  the  highest  grade  and  the  most  easily 
prepared  for  market,  appears  to  be  also  the  most  abundant.  Selected 
specimens  of  the  thin  plates  contain  85  to  90  per  cent  of  lime  phos- 
phate. The  less  dense,  greenish  material,  which  is  associated  with  the 
white  and  pink  plates,  contains  some  ferrous  iron  and  runs  slightly 
under  80  per  cent  of  lime  phosphate.  There  appears  to  be  no  difficulty, 
however,  in  getting  from  such  deposits  as  are  being  worked  on  Wils- 
dorfs  Branch  a  uniform  product  which  will  run  between  79  and  81  per 
cent  of  lime  phosphate. 
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REPORT   ON   THE   GEOLOGY  OF  THE   PHILIPPINE 
LSLANDS. 


By  George  F.  Becker. 


sourct:s  of  informatiox. 

An  attempt  will  be  made  in  the  following  paper  to  bring  together, 
so  far  as  is  practicable,  all  that  is  known  of  the  geology  of  the  Phil- 
ippine Islands.  The  report  is  intended  as  a  vade  mecum  for  geologists 
in  the  field  and  a  guide  to  the  literature  in  the  office.  Doubtless  some- 
thing has  escaped  which  should  have  been  included,  especially  among 
the  shrewd  remarks  of  early  Spanish  travelers,  but  research  in  that 
direction  is  curious  rather  than  profitable.  If  here  and  there  they 
caught  a  glimpse  of  truth,  with  which  it  would  be  pleasant  to  credit 
them,  most  of  their  views  on  geological  matters  were  of  a  grotesque 
falsity,  with  which  it  would  be  unkind  to  reproach  them. 

In  the  bibliography  will  be  found  references  to  about  100  papers 
touching  on  the  Philippines.  The  greater  number  of  them  are  of  very 
subordinate  value,  containing  only  casual  observations,  or  compilations 
which  sometimes  show  candess  preparation.  Some  errors  I  have 
noted;  many  more  I  have  simply  ignored. 

Serious  work  l)egan  late  in  the  fifties,  with  a  group  of  German  and 
Austrian  geologists  and  explorers.  Hitter  von  Hochstetter  spent  a 
few  days  in  the  Philippines,  l)ut  his  chief  work  was  done  elsewhere  in 
the  Far  East.  Baron  von  Richthofen,  though  but  a  short  time  in 
Luzon,  was  fortunate  enough  to  discover  nummulites  at  Binangonan. 
Carl  Semper  spent  years  in  toilsome  travel  in  the  archipelago,  almost 
completely  cutoff  from  civilized  intercourse.  His  labors  were  zoologi- 
cal, but  his  studies  of  coral  reefs  are  of  great  geological  importance, 
and  iiis  geological  collections  are  most  valuable.  They  enabled  Mr. 
Oebbeke,  in  ISSl,  to  make  his  im]i()rtant  study  of  massive  rocks,  and 
they  furnished  the  material  for  Mr.  K.  Martin's  paper  on  the  Tertiary 
fossils  of  the  Philippines  (lSt)5).  Mr.  Martin's  paper  seems  to  me  so 
exactly  suitcnl  to  the  end  here  aimed  at  that  I  have  translated  it  as  a 
complcMuciit  to  this  report.  Jagor  was  in  the  Philippines  at  the  same 
time  with  Semper.  He  was  not  a  specialist,  but  a  very  intelligent 
traveler,  and  he  made  many  geographical  observations.  Ilis  col- 
lection of  rocks  was  worked  up  by  Roth,  who  took  occasion  to  compile 
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everything  then  known  of  the  geology  of  the  Philippines.  Jagor's 
huuian  skulls  were  studied  by  Virchow,  and  both  these  important 
papers  appeared  in  1873  as  appendices  to  Jagor's  travels.  Mr.  R.  von 
Drasche  spent  a  few  months  in  the  islands,  and  explored  new  ground 
in  1875-76.  His  Foraminifera  were  studied  Ijy  Mr.  Felix  Karrer,  and 
threw  new  light  on  the  stratigraph3\  Mr.  J.  Montano  also  made  some 
studies  in  Mindanao  in  1879  to  1881,  which,  however,  were  mainly 
ethnological. 

The  Spanish  engineers  Sainz  de  Baranda,  Antonio  Hernandez,  Jose 
Maria  Santos,  and  .lose  Centeno  have  contributed  many  details  to  the 
sum  of  knowledge.  Much  more  has  been  done  by  Mr.  Abella,  who, 
under  conditions  which  seem  to  have  been  very  discouraging,  spent 
many  years  in  geological  research.  Much  the  best  maps  of  the  islands 
have  been  prepared  bv  Mr.  Enrique  d' Almonte,  whose  work  was 
largely  performed  in  connection  with  Mr.  Abella.  Where  Mr.  d' Al- 
monte was  able  to  make  surveys  himself  the  execution  was  admi- 
rable, as  I  have  reason  to  know.  In  much  of  the  area  of  his  mnps  he 
was  compelled  to  rely  on  insufficient  information.  Besides  other 
favors,  I  have  to  thank  him  for  a  table  of  areas  of  some  of  the  islands, 
given  on  pages  4!>6— W7.  The  best  map  of  Mindanao  and  the  Jolo 
Archipelago  is  that  prepared  by  the  Jesuit  niissionaries.  The  two  maps 
accompanying  this  report.  Pis.  XLVH  and  XLVHl,  are  borrowed 
from  the  Atlas  of  the  Philippine  Islands  prepared  by  the  Jesuit  Fathers 
and  printed  by  the  Coast  and  Geodetic  Survey,  1901.  While  they 
are  not  wholly  satisfactory,  I  know  of  none  so  good  on  a  similai-  scale. 
Mr.  Luis  Espina  compiled  for  me  from  the  archives  of  the  Inspeccion 
de  Minas  a  sketch  of  the  mineral  resources  and  the  geology  of  the 
islands  which  has  been  verj-  useful. 

In  July,  1898,  I  was  ordered  to  report  to  the  military  governor  of 
the  Philippines  for  duty  as  a  geologist,  and  I  accompanied  Gen.  E.  S. 
Otis  to  Manila.  I  remained  in  the  Philippines  fourteen  months,  but 
could  accomplish  little  geological  work  because  of  the  attitude  of  the 
natives.  "When  the  cessation  of  the  rains  made  it  practicable  to  travel, 
Mr.  Aguinaldo's  associates  had  assumed  a  threatening  attitude  and  soon 
afterwards  became  "war  rebels."  I  was  able  to  do  something  about 
Manila  Bay  as  far  north  as  San  Fernando,  and  a  little  at  Laguna  de 
Bai.  I  had  somewhat  more  success  at  Negros  and  Cebu,  ])ut  geolo- 
gizing under  arms  with  a  military  escort  is  more  exciting  than  profit- 
able. I  visited  Iloilo,  Guimaras,  and  Jolo,  and  had  excellent  oppor- 
tunities of  studying  from  the  decks  of  vessels  the  terracing  of  Bohol, 
Mindanao,  and  other  islands.  The  military  authorities  afforded  me 
all  the  facilities  practicable  without  deliberately  risking  troops  for  the 
sake  of  information  which  can  wait.  I  have  to  thank  them  for  much 
kindness  and  for  manv  privileges  which  rarel}^  fall  to  the  lot  of  a  geolo- 
gist.    If  the  positive  results  of  my  stay  in  the  islands  are  small,  it  has 
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enabled  me  to  get  a  better  grasp  of  the  geological  situation  than  I 
could  have  acquired  without  an  inspection  of  the  country,  and  it  is  to 
be  hoped  that  the  digest  here  presented  will  aid  my  successor  in  mak- 
ing better  headway. 

The  Spanish  geologists  have  dealt  in  much  detail  with  earthquakes 
and  with  mineral  springs.  These  subjects  are  not  included  here,  but 
the  reader  interested  in  them  will  find  the  literature  cited  in  the  bibli- 
ography (p.  594).  It  is  intended  that  in  most  cases  this  report  should 
enable  the  field  geologist  to  dispense  with  other  papers;  but  for  field 
work  in  either  Panay  or  Cebii,  Mr.  Abella's  memoirs  on  those  islands 
will  l)e  reijuisite. 

It  app(!ars  certain  that  Malaysia  forms  a  single  geological  province. 
I  have  therefore  made  the  attempt  to  draw  upon  Borneo,  Java,  and 
the  Banda  Islands  for  instruction  and  suggestion.  Junghuhn,  Ver- 
beek,  and  other  Dutch  geologists  have  done  a  vast  amount  of  work 
which  can  not  safely  be  neglected  in  dealing  with  the  geology  of  the 
Philippines.  Messrs.  Alfred  R.  Wallace,  Dean  C.  Worcester,  and  F.  S. 
Bourns  also  have  contributed  to  geological  knowledge  of  the  islands 
through  their  studies  of  the  distribution  of  living  forms  in  Malaysia. 

In  treating  the  subjects  of  the  various  sections  of  this  report  a 
geographical  arrangement  of  each  has  been  adopted  in  order  to 
facilitate  perusal.  The  information  available  is  so  fragmentary  that 
any  attempt  to  treat  separate  areas  completely  would  fail.  For  the 
purpose  of  making  it  practicable  to  combine  data  locally  I  have  pre- 
pared a  special  index  of  provinces  (p.  fil2),  by  means  of  which  the 
reader  will  be  able  to  collect  the  facts  presented  for  anv  single  prov- 
ince. The  latitudes  of  this  index  are  intended  to  assist  such  readers 
as  are  unfamiliar  with  the  geography  of  the  country  in  orienting 
themselves. 

Geographical  names  in  the  Philippines  are  a  source  of  much  trouble. 
This  arises  partly  from  the  fact  that  xarious  cartographers  have  heard 
native  names  a  little  ditl'erently.  Thus,  a  river  in  Mindanao  is  called 
on  maps  l)oth  Craan  and  Gran,  which  are  clearly  two  attempts  to 
reproduce  the  same  word.  Much  worse;  than  this  is  the  native  atti- 
tude toward  natural  objects,  which  they  regard  from  what  may  be 
called  a  village  standpoint.  Thus,  a  famous  mountain  is  often  desig- 
nat(Hl  Majayjay  for  no  better  reason  than  that  a  village  near  it  has 
that  name.  To  the  native,  it  would  seem,  a  river  is  merely  the  water 
passing  such  and  such  a  town,  so  that  for  him  the  stream  has  as  many 
names  as  there  are  towns  on  its  banks. 

The  phonetic  S])anish  system  of  spelling  native  names  is  a  great 
convenience.  All  Filipino  names  are  pronounced  as  if  they  were 
Spanish,  and,  when  properly  written,  there  is  but  one  possible  way 
either  of  pronouncing  the  syllables  or  of  accenting  the  woixls.  Spanish 
names  usually  follow  exceedingly  simple  rules  of  accentuation,  and, 
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when  there  is  an  exception  to  the  geiu'ral  rules,  this  is  indicated  hy 
a  written  accent.  The  reader  must  be  warned,  however,  that  the 
accents  on  native  names  are  often  carelessly  treated  by  Spanish  print- 
ers, no  doubt  through  unfamiliarity  with  the  correct  accent.  I  have 
tried  to  write  the  names  correctly  in  this  paper,  because  it  is  intended 
for  use  in  the  Held,  and  geologists  will  find  that  natives  will  fail  to 
comprehend  geographical  names  which  are  mispronounced.  It  is  to 
])e  hoped  that  the  present  excellent  method  of  name  writing  will  he 
preserved  in  Government  reports. 

In  consulting  the  literature  readers  will  find  that  maps  to  which 
they  will  need  to  refer  are  drawn  to  different  prime  meridians.  For 
this  reason  I  have  usually  given  only  latitudes.  The  islands  are  so 
narrow  that  it  is  little  trouble  to  run  down  a  latitude  and  tind  a 
position  marked  on  the  map.  Some  Spanish  maps  count  longitude 
from  Madrid,  others  from  the  observatorv  at  San  Fernando,  near 
Cadiz.  French  authors  count  from  Paris,  and  the  usage  in  Germany 
is  varial»le.  In  dealing  with  miscellaneous  maps  and  charts  of  the 
Philipi)ines.  it  is  convenient  to  know  the  following  longitudes:' 

Greenwich  Ohiiervatory 0  0  0 

Madrid  Observatory 3  41  21  AV 

San  Fernando  Observatory 6  12  24  W 

Paris  Observatory 2  20  14   E 

Berlin  (Urania)  Oljservatory 13  36  53   E 

Ferro .* 17  20  0  W 

Manila  Cathedral 120  58  8   E 

Note  ox   some   Areas   ix   Vakiois   Provinces   and   Districts   in   the   Philippine 
Islands. 

[By  Enrique  d'Almonte.] 

District  of  Siimar  :  8q\iare  kilometers. 

Island  of  Ssimar 12,  606 

Island  of  Ca[)ul  40 

Island  of  Daluripi 37 

Islets  X.  of  Samar 140.  25 

Islets  E.  of  Siimar 24 

Tomonjol  and  Suluaii 87.  50 

Islets  W.  and  8\V.  of  Saiuar 189.  25 

Total 13, 124 

District  of  Calamianes: 

Cuyos  Islands 149 

Culion 388 

Busuanga 994 

Remainder  of  ("alamianes 395 

Total 1 ,  926 

'The  observations  are  taken  from  the  Nautical  Almanac,  1896,  p.  492. 
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Square  kilometers. 

Jolo  Archipelago,  including  Tataran 2,  560 

Baldbac  Island  and  adjacent  islets,  including  Cagayan  Jolo «04 

District  of  Leyte: 

Island  of  Leyte 7, 109 

Island  of  Pana<')n 1H7 

Island  of  Biliran 512 

Adjoining  islets *'2 

Total 7,870 

District  of  Masbate  and  Ticao: 

Island  of  Masbate 3,  201 

Island  of  Ticao 327 

Adjoining  islets 136 

Total 3,  664 

Province  of  Mindoro: 

Island  of  Mindoro H,  653 

Semerara,  Ilin,  and  remaining  southern  islets 192 

Marinduque  and  adjacent  islets 918 

Lubang  group 215 

Other  adjacent  islets 22 

Total 11 ,  000 

District  of  Romblon 1 ,  288 

District  of  Catanduanes: 

Island  of  Catanduanes 1 ,  720 

Adjacent  islets 85 

Total 1 ,  805 

District  of  Buria.s 507 

District  of  Cebi'i: 

Island  of  Cebu 4,  188 

Adjacent  islands 458 

Total 4,  646 

District  of  Bohol: 

Island  of  Bohol 3,  685 

Adjacent  islands 121 

Total 3,  806 

Island  of  Siquijor 271 


rilYSTA INLINE  SCHISTS  AX  I)  OI.DER  MASSIVE  ROCKS. 

The  exposures  of  crystalline  schists  aiul  the  older  massive  rocks  in 

the  Philippine  Islands  are  neither  oood  nor  conveniently  situated  for 

study.      As  a  matter  of  course  they  arc  scarccdy  to  he  fouiul  except  in 

the  ujouiitiiiiis  or  in  deep  ravines.     As  a  rule,  they  are  hc;i\  ily  covered 

21  (iKoi.,  I'T  3-01 34 
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with  saprolite,  soil,  and  dense  vegetation,  while  the  localities  where 
they  are  to  be  found  are  largely  in  the  possession  of  uncivilized  tribes. 
The  mountain  system  of  northern  Luzon  and  the  eastern  coast  ranges 
of  that  island  in  the  provinces  of  Infanta  and  Camarines  Norte  are 
hugely  composed  of  these  rocks.  The}'  are  also  found  on  Lubang 
Ishind,  in  the  sierras  and  seaclitfs  of  Panay.  and  in  the  deep  ravines  of 
Cebi'i.  On  the  east  coast  of  Leyte  there  is  a  limited  occurrence  of 
crystalline  schists,  and  the  series  is  probably  represented  in  Samar. 
In  the  great  southern  island  they  appear  in  t\w  provinces  of  Misamis 
and  Surigao.  The  occurrence  of  metallic  ores  is  suggestive  of  a  still 
widei-  distribution  of  these  formations. 

The  older  rocks  of  the  islands  appear  to  eml)race  crystalline  schists 
and  gneiss,  granites  in  small  (juaiitities,  and  possibly  some  syenite, 
while  diorites  and  diabases  and  gal)l)ros  are  abundant.  The  most 
inijiortant  contribution  *  to  knowh'dge  of  these  rocks  are  due  to 
Messrs.  Jagor.  von  Drasche,  Montano,  and  Abella.  It  is  a  little  diffi- 
cult to  correlate  the  information,  which  is  fragmentary  and  not  alto- 
gether accordant.  Mi-,  von  Drasche,  who  began  his  studies  in  the 
Zanibales  Range,  compares  the  rocks  which  he  met  in  the  Caraballo 
Sur.  the  Cordillera  Central,  and  the  San  Mateo  Mountains  with  those 
of  Zambal(>s.  ^Ir.  Abella's  most  elaborate  studies  were  made  in  Panay, 
})ut  during  his  long  residence  in  the  archipelago  he  became  familiar 
with  many  areas.  His  determinations  in  some  cases  fail  to  agree 
with  Mr.  von  Drasche's.  Mr.  Montano's  examinations  were  confined 
chiefly  to  Mindanao,  where  Mr.  A))ella  also  had  made  studies. 

Aside  from  somewhat  vague  and  casual  mejitions,*  the  first  state- 
ments concerning  the  older  rocks  with  which  I  have  met  are  by  Mej^en 
and  Itier.  The  former  about  lHd2  observed  that  the  limestones  in 
which  the  somewhat  famous  caves  occur  near  San  Mateo,  Manila 
Province,  rest  upon  diorite.^  Itier'*  a  few  years  later  drew  attention 
to  the  character  of  the  stream  pebbles  at  Angat,  in  the  Province  of 
Bulacan.  This  locality  lies  at  the  eastern  edge  of  the  great  central 
plain  of  Luzon,  and  in  the  mountains  a  few  miles  farther  east  is 
an  important  iron  mine.  Seemingl}^  on  the  strength  of  these  facts, 
Mr,  von  Drasche  laj's  down  on  his  map  an  area  of  crj^stalline  schists 
directly  east  of  Angat. 

In  his  studies  of  the  Zambales  Range,  which  lies  to  the  west  of  the 
Province  of  Pangasinsin,  Mr.  von  Drasche  reached  the  conclusion  that 
this  sierra  is  composed  chiefl}'  of  gabbroitic  and  dioritic  rocks.  What 
he  calls  diabase-gabbros  are  more  or  less  peculiar,  but  are  closely 
related  to  ordinary  gabbros.     The  best  exposure  appears  to  be  along 

1  Dana  did  not  land  in  northern  Lu/dn,  but  states  that  it  is  said  to  be  covered  with  granite,  gneiss, 
etc.  (Wilkes  Expl.  Exp.,  Vol.  X,  18-19,  pp.,  53^-545.)  He  cites  no  authority.  Humboldt,  in  Cosmos, 
makes  a  similar  statement  on  Dana's  authority  (Vol.  IV,  1858,  p.  404),  and  other  writers  have  fre- 
quintly  cited  Cosmos  on  this  subject. 

-  Reise  um  die  Erde,  Part  II,  1835,  p.  237. 

■■  Bull.  Soc.  g6og.,  Paris,  3d  series.  Vol.  V,  1845,  pp.  36.S-389.  , 
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ii  trail  across  the  ranj>p  just  to  the  northward  of  the  coast  town  of 
Santa  Cruz.  This  patli  follows  a  river  called  by  Mr.  von  Drasche  the 
Santa  Cruz  River,  but  Avhich  appears  on  Mr.  d' Almonte's  map  as  the 
Nuyon.  It  crosses  the  divide  in  latitude  15°  51'.  Most  of  the  west- 
ern slopes  of  the  range  consist  of  the  gabbro  in  thick  la3'ers  (Baenke) 
with  northerl}'  strike  and  wrestdn  dip.  In  connection  with  the  gabbro 
occur  dioritic  schists,  but  whether  these  are  uralitic  derivatives  of  the 
gabbro  is  not  discussed.  The  green  dichroitic  hornblende  lies  in  irreg- 
ular patches  among  the  jDlagioclases.  The  gabbro  is  granular,  and  to 
the  naked  e^-e  shows  olive-g'reen  and  light-brown  grains,  both  of  which 
turn  out  under  the  microscope  to  be  augite.  This  augite,  he  says, 
"exhibits  a  not  inconsiderable  dichroism  between  reddish  brown  and 
olive  green."  It  seems  probable  that  Mr.  von  Drasche  was  dealing 
with  a  mixture  of  green  augite  and  brown  rhombic  pyroxene.  The 
augite  showed  a  tendency  to  a  single  cleavage.  Portions  of  the  rock 
are  sharply  banded.  An  analysis  of  this  rock  is  given  below.  A 
similar  rock  was  found  on  the  eastern  slope  of  the  range,  well  down 
toward  the  plain  of  Pangasinan.  It,  too,  was  anah^zed,  and  its  com- 
position is  remarkable  for  the  excessively  small  percentage  of  soda 
and  potash.  Among  the  gabbros  on  the  western  side,  Mr.  von  Drasche 
found  one  which  was  olivinitic,  the  diallage  being  green  and  quite  free 
from  dichroism.  This  I  take  to  mean  that  the  appearance  of  olivine 
was  accompanied  by  the  disappearance  of  hypersthene.  Serpentines 
were  found  along  this  trail.  Farther  south,  on  the  Bucao  River  Pass 
(latitude  15°  13'),  Mr.  von  Drasche  also  found  ga)>bros  and  serpentines. 
In  the  latter  he  detected  renmants  of  olivine  and  bronzite.' 

In  examining  the  mineral  springs  of  the  countr}^  Mr.  Abella  encoun- 
tered compact  argillaceous,  ancient-looking  slates  at  the  eastern  base 
of  the  southern  end  of  the  Sierra  Zambales.  They  occur  in  the  town- 
ship of  O'Donnell,  at  a  place  called  Canan.  It  is  noteworthy  that  they 
strike  ENE.  and  have  a  northwesterly  dip  of  2^)°.'^ 

On  the  San  Mateo  River  in  Manila  Province  access  is  afforded  to  the 
foothills  of  the  eastern  ranges,  and  here  the  rocks  appear  to  have  a 
marked  similarity  to  those  of  the  Zambales  Range.  It  has  already 
been  mentioned  that  Meyen  found  diorites  beneath  the  limestones. 
Near  ))y  Mr.  von  Drasche  found  coarse-grained  gabbros  on  the  Poray, 
a  small  tril)utary  of  the  San  Mateo.  They  contain  hornblende  as  well 
as  diallage.  form  thick  layers,  and  dip  to  the  eastward.  Higher  up 
the  stream  he  met  beds  which  are  stratified,  resemble  sandstone,  and 
ar(>  dark  green.  They  consist  of  crystal  fragments,  mostly  rounded 
and  nuu'h  decomposed.  Mr.  von  Drasche  had  this  material  analyzed, 
and  its  chemical  and  mineralogical  comi)osition  led  him  to  regard  it 
as  a  diabase  tuft.     It  is  unfortunate  that  the  term  tutf  should  lie  used 


I  Fragmente  zu  ciiuT  Geologic  der  Iiiscl  Luz6n,  1878,  p. 
:  Mauantiales,  2il  st\iil.v,  189;i,  \).  144. 
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by  SO  mivn\'  geologists  to  denote  waterworii  sediments  derived  from 
eruptive  roeks.  By  a  slight  extension  of  the  usage,  arkose  would  be 
denominated  granitic  tutf,  which  would  certainly  be  a  retrogression  in 
nomenclature.  The  excuse  is,  of  course,  that  it  is  sometimes  difficult 
to  sa\'  whether  such  f ragmental  masses  are  pyrodastic  or  hvdroclastic. 
In  these  days  of  microscopical  study,  however,  so  important  a  point 
should  not  be  left  uncertain,  and  tutf  should  bo  limited  to  essentially 
pyrodastic  material. 

At  Mainit,  on  the  Payaguan  Kiver,  ♦>  kilometers  fi'om  Boso-boso, 
Morong  Province,  is  the  center  of  an  extensive  area  of  ancient  slates. 
They  are  described  as  diabasic  and  are  accompanied  by  dial)asic  con- 
glomerates. The  strata  at  Mainit  strike  N.  10*^  W.,  and  dip  eastward 
almost  verticallv.' 

The  following  are  the  analyses  made  for  Mr.  von  Drascho.  I  is  the 
gabbro  from  the  Santa  Cruz  or  Nayon  Kiver,  on  the  western  slope  of 
the  Zambales  Kiinge ;  II  is  the  gabbro  from  the  eastern  slope  of  the 
same  range  on  the  same  section ;  III  is  the  .so-called  diabase  tutf  from 
Poiay  Creek,  San  Mateo  River.     The  analyst  was  Di-.  Berwerth. 

Ayialysen  of  gabbros  and  diabase  tuff. 


SiO,.. 
AlA- 
FeC. 
Fe,0,. 
CaC) . . 


Mg() 

K,0 

Na,0 

Ignition 

Total. 


10L67 


6.95 

n.99  j 

9.54  I 
.05  } 

.41   I 
.59 


99.58 


5L69 
20.11 


6.26 
4.85 
1.21 
1.97 
7.07 


Older  massive  rocks  occur  also  in  the  Caraballo  Sur  and  in  the  Cara- 
ballo  Central  or  Cordillera  Central  of  northern  Luzon.  The  first  defi- 
nite statement  known  to  me  on  the  subject  is  by  Centeno  in  1875.  The 
range  which  forms  the  eastern  limit  of  the  valley  of  the  Abra  River, 
or  the  northeastern  branch  of  the  Caraballo,  he  says  is  pyrogenic,  in 
consequence  of  which  the  tributaries  of  the  Abra  which  come  from 
the  eastward  carry  larger  (juantities  of  volcanic  and  plutonic  rocks, 
such  as  trachytes,  diorites,  and  various  species  of  porphyry,  granite, 
syenite,  etc.*     Semper  traveled  in  this  region,  but  was  little  impressed 


I  Abella,  Manantiales,  2d  study,  1893,  p.  75. 


'  Memoria  geol6gico-minera,  1876,  p.  19. 
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with  the  presence  of  ancient  rocks.'  Among  the  specimens  which  he 
collected,  however,  Mr.  Oebbeke  found  a  quartz-porphyry  from 
Cabayan,  a  village  in  the  Province  of  Benguet,  and  a  quartz-diorite 
from  the  Agno  River,  near  the  same  place.  ^  Mr,  von  Drasche  crossed 
the  Cai'aballo  Sur,  and  made  trips  through  the  provinces  or  districts 
of  Union,  Benguet,  Lepanto,  Bontoc,  and  Ilocos  Sur,  which  lie  along 
the  Caraballo  Central.  The  basal  rocks  in  this  last  range,  in  his 
opinion,  consist  of  diorites,  diabases,  protogine-gneiss,  and  chloritic 
schist."  Some  details  are  as  follows:  To  the  northeast  of  Trinidad,  the 
capital  of  Benguet,  is  a  large  area  of  diorite,  and  in  seams  in  this  rock 
occurs  gold,  exploited  by  the  Igorrotes.*  A  portion  of  this  diorite  is 
quartzose.  At  the  village  of  Amlimay,  on  the  Agno,  in  Benguet,  the 
lowest  formation  is  quartzose  schist.^  At  Vigan,  the  capital  of  Ilocos 
Sur,  there  are  chlorite-schists  and  protogine-gneiss.*'  Both  on  the 
Agno  and  on  the  Abra  plagioclase-hornblende-chlorite  rocks  underlie 
a  formation  named  by  von  Drasche  "the  Agno  beds,"' which  is  also 
found  in  the  Caraballo  Sur,  on  the  Pinquiang  River.  The  lowest  por- 
tion of  this  formation  consists  of  coarse  breccias  and  conglomerates  of 
the  dioritic  rock.  The  overlying  strata  are  of  finer  grain,  with  transi- 
tions to  sandstone,  which  are  again  succeeded  b}^  green  and  purple 
beds,  these  consisting  of  thoroughl}'  decomposed  rock  and  being  tilled 
with  calcite  veins.  The  Agno  series  is  very  coarsely  bedded,  and  often 
faulted,  Mr.  von  Drasche  counts  the  Agno  beds  among  the  primitive 
rocks  (Grundgebirge)  of  the  region.     No  fossils  were  found  in  them. 

Mr.  von  Drasche  crossed  the  Caraballo  Sur  from  Carranglan,  in 
Nueva  Ecija,  to  Bambang,  in  Nueva  Vizcaya,  A  few  miles  south  of 
the  crest  lies  the  refuge  which  he  calls  Camarin  Santsi  Clara.  This 
he  found  surrounded  by  a  beautiful,  typical,  tine-grained,  massive 
syenite  in  place.  From  this  point  to  the  summit  of  the  pass,  a  six 
hours'  ride,  he  found  ever3^where  in  place  a  beautiful  coarse-grained 
rock  almost  identical  with  the  gabbro  of  the  eastern  slope  of  the 
Zambales  Range." 

Mr.  Abella's  observations  differ  markedly  from  Mr.  von  Drasche's. 
In  a  paper  dated  in  1881,  but  seeminglv  written  before  he  had  read  the 
Austrian  geologist's  memoir,  Mr.  Abella  strongly  insists  on  the  pre- 
dominan(^e  of  diorites  in  noi'thern  Luzon.  In  a  trip  from  Carranglan  to 
Bambang  and  to  Solano,  a  few  miles  north  of  Bambang,  he  found  that 
not  only  the  crest  of  the  range  consisted  of  diorite,  but  the  underlying 
rock  all  the  way  from  Camarin  de  Salazar  (doubtless  von  Drasche's  Ca- 
marin de  Santa,  Clara)  to  Solano, ''  a  distance  of  over  30  miles.  In  1892, 
Mr.  Abella  again  referred  to  this  subject.    He  then  examined  his  suite 

'  Die  Philippinen  und  ihre  Bewohner,  1869,  p.  99.  •  Ibid.,  p.  41. 

2  Neues  Jahrlnich,  Boil. -Band  I.  1881,  pp.  495,  497,  49S.  '  Ibid.,  pp.  34,  37. 

sFragmeiito,  1878.  p.  42.  »  Ibid.,  p. 27. 

*  Ibid.,  p.  Xi.  •  Apuntos  flsicos  y  geologicos,  1S84,  p.  80. 

t'lbid.,  p.  X,. 
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of  specimens  collected  in  1881,  this  time  under  the  microscope,  and 
found  neither  syenite  nor  orabbro,  but  only  diorite.  The  diorites  of 
the  region  are  in  part  quartzose  and  so  crystalline  and  granulur.  he 
says,  that  to  the  naked  eye  they  resemble  rocks  of  the  granitic  family.' 
As  Mr.  von  Drasche  appears  to  have  relied  on  megascopical  inspection, 
the  weight  of  evidence  is  on  the  side  of  Mr.  Abella. 

In  the  Caraballo  Central  also  Mr.  Abella  is  very  positive  that  dio- 
rites are  the  oldest  exposed  rocks,  agreeing  only  partiall}'  with  Mr. 
von  Drasche.  The  peak  of  Mount  San  Tomas,  or  Tonglon.  in  Union 
Province,  famous  as  the  site  of  a  great  earthquake  in  16il,  is  a  holo- 
crystalline,  somewhat  quartzose,  hornblendic,  chloritic  diorite.  This 
rock  in  various  facies  extends  far  to  the  north,  south,  and  east  of 
Tonglon  and  is  proba])ly  continuous  to  the  Agno  River.  Some  of  its 
facies  are  augitic  and  others  por])hyritic.  At  (ialiano  is  a  I'ock  which 
Mr.  von  Drasche  descril)es  as  uiuiuestionably  a  hornl)lende-trachyte 
tuff.*  Mr.  Abella  has  examined  this  material  at  various  points  and 
studied  its  relation  to  the  diorite  massif  of  Tonglon,  which  it  sur- 
rounds on  the  south  and  west.  He  pronounces  it  simply  a  sandstone 
composed  of  material  derived  from  the  dioritic  area.  Mr.  Abella 
also  gives  manv  notes  on  a  formation  which  would  appear  to  be  that 
named  the  Agno  beds  by  Mr.  von  Drasche.  It  is  extensively  devel- 
oped throughout  Union  Province  and  in  Henguet.  It  rests  on  diorite. 
The  basal  l)eds  are  conglomerates  with  more  or  less  rounded  dioritic 
pe})bles,  often  of  enormous  size.  The  middle  portion  consists  of 
.sandstones,  and  the  upper  strata  of  clays  containing  lignite  and  fossil 
shells  of  species  now  living  in  the  Philippine  seas.^  The  supposed  tuff 
at  (ialiano  l)elongs  to  this  same  series.  Such  partial  information  as 
was  available  to  Mr.  Abella  in  1S!)8  concerning  the  Cordillera  Central 
of  northei'n  Luzon,  including  its  branches  reaching  to  the  China  Sea  on 
the  west  and  to  the  Cagayan  Valley  on  the  east,  led  him  to  Ijelieve  that 
it  consists  of  a  core  of  ancient  diabasic  and  dioritic  schists  together 
with  massive  rocks  belonging  to  the  same  type  and  epoch,  which  is  cut 
at  some  points  In'  ver}'  modern  trachytes  and  andesites  and  is  overlain, 
to  the  west  at  least,  by  the  same  limestones,  conglomerates,  sand- 
stones, and  claj's  which  constitute  the  post-Tertiar}^  formation  of  the 
central  part  of  Luzon.* 

Semper  seems  to  be  the  only  naturalist  who  made  public  any  notes 
on  the  Sierra  Madre  of  northeastern  Luzon.  Two  of  his  specimens 
represent  pre-Tertiar}-  massive  rocks.  Of  these,  one  comes  from  the 
range  near  the  coast  town  Palanan,  latitude  17^  5'.  It  is  described  by 
Mr.  Oebbeke  as  a  peridotite  containing  diallage,  enstatite,  and  pikrito. 
The  other  specimen  probably  comes  from  the  western  foothills  of  the 
same  range.     It  was  a  pebble  in  the  brook  called  Dicamuni,  and  this 

1  Terremotos  de  1S9-2, 1893,  p.  32.  »  Terremotos  de  1892, 1893,  p.  33. 

2  Fragmente,  1878,  p.  31.  ■•  Manantiales,  2d  study,  1893,  p.  18. 
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brook  is  said  to  be  "in  the  land  of  the  Minangas."  Semper's  map 
shows  Minanga  in  latitude  17°,  at  or  about  the  locality  of  the  settle- 
ment named  Malunu  on  Mr.  d' Almonte's  map.'  This  pebble,  accord- 
ing to  Mr.  Oebbekc,  is  a  norite. 

The  Cordillera  of  Baler  and  La  Infanta,  l3'ing  to  the  east  of  the  great 
plain  of  Luzon,  is  described  by  Mr.  Abella  in  much  the  same  terms  as 
the  Caraballo  Central.  It  consists  of  diabase  and  diorites,  in  part 
schistose,  pierced  by  modern  volcanics.'^  To  this  range  belongs  the 
spur  containing  the  San  Mateo  caves  and  the  gabbroitic  area  near  by 
them  examined  by  Mr.  von  Drasche,  of  which  mention  has  already 
been  made  (p.  499). 

The  foregoing  notes  cover  all  the  occurrences  of  ancient  massive 
rocks  and  crystalline  schists  known  to  me  north  of  Laguna  de  Bai. 
Immediately  south  of  the  lake  neo-volcanics  appear  to  stretch  quite 
across  Luzon.  In  the  southwesterly  prolongation  of  the  island,  how- 
ever, there  are  patches  of  the  rocks  in  question.  Of  these  the  most 
northerly  is  in  Tayabas  Province  and  was  visited  by  Mr.  von  Drasche. 
This  very  small  area  lies  just  to  the  west  of  Antimonan,  in  latitude 
13°  59'.  The  rock  is  a  greatly  decomposed,  green  talc-chlorite  schist 
with  a  high  easterly  dip.'^ 

One  of  the  most  important  areas  in  the  whole  archipelago  surrounds 
the  ports  of  Paracale  and  Mambulao,  in  Camarines  Norte.*  This  is  the 
most  promising  auriferous  district  known  in  the  islands,  and  the  rock 
is  also  of  special  lithological  interest.     Roth  describes  it  as  follows: 

On  the  northeast  coast  of  the  province,  the  country  between  Paracale^  and  3Iain- 
bulao  consists  of  gneisses  and  hornblende-schist  in  which  there  are  rich  quartz  veins. 
The  mountain  lying  a  quarter  of  a  league  north  of  Mambulao,  and  the  mountain 
north-northeast  of  Mambulao  (divided  by  the  Mount  Dinaan  Brook),  consist  of 
gneiss,  in  which  the  white  layers  are  separated  by  thin,  discontinuous,  uneven  lay- 
ers of  tombac-brown  mica.  The  white  layers  are  composed  of  a  mixture  of  fine- 
grained quartz,  some  orthoclases,  and  plagioclases.  The  rock  is  said  to  contain  gold. 
The  mountain  half  a  league  northwest  of  Paracale,  Mount  Dinaan,  and  the  stretch 
between  Paracale  and  Mambulao  consist  of  hornblende-schist.  The  fresh  rock  from 
Mount  Dinaiin  is  dark  colored  through  the  preponderance  of  rather  coarse  horn- 
blende, narrow  discontinuous  white  stripes  being  due  to  aggregations  of  plagioclase 
in  small  crystals.  Besides  these  minerals  there  is  some  pyrite  and  brown  mica.  The 
magnet  extracts  no  magnetite  from  the  powdered  rock.  The  weathered  rock  between 
Paracale  and  MamV)ulao  strikes  east  and  dips  to  the  south  at  40°,  is  gray-green,  soft, 
intersected  by  stringers  of  magnetite,  and  converted  sometimes  into  serpentine-bear- 
ing talcose  schist,  and  sometimes  into  talcose  serpentine-schist* 


•  For  further  details  as  to  this  locality  see  footnotes  to  Mr.  Martin's  paper  which  follows  this  report. 

2  Manantialcs,  2d  study,  1893,  p.  16. 

3  Fragmentc,  1878,  p.  69. 

<Till  within  a  few  years  there  were  two  provineos,  called  Camarines  Norte  and  Camarines  Sur. 
Early  in  the  last  decade  they  were  united  into  a  sinnle  province,  Ambos  Camarines.  About  the  same 
time  the  southeast  end  of  Albay  wa.s  separated  from  it,  and  designated  the  Province  of  Sorsog6n. 

6  Roth  writes  I'aracali,  which  is  not  now  the  accepted  form. 

« Jagor's  Reisen,  1873,  p.  314. 
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This  quotation  contain.s  the  second  unquestioned  reference  to  ortho- 
clase  among  the  pre-Tertiarv  massive  rocks  discussed  in  this  notice. 
Judging  from  the  distribution  of  gold  and  iron  mines  on  Mr.  d'Ahiionte's 
map,  this  area  of  ancient  rocks  slioukl  stretch  from  MambuUio  to  near 
Daet.  Between  Paracale  and  Mambulao  Mr.  von  Drasche  found  a 
layer  (dike?)  of  peridotite.  about  a  hundred  paces  in  width,  which  pro- 
jects into  the  sea.' 

In  Camarines  Sur  there  are  diorites  on  the  southwest  coast  just  to 
the  westward  of  the  port  of  C'albajan.  They  are  not  schistose,  the 
grain  is  variable,  and  the  feldspar  is  relatively  anorthitic,  since  it  is 
completely  decomposed  by  hot  chlorhydric  acid.  The  hornblende  is 
black.     The  rock  contains  magnetite  and  some  pyrite.* 

In  Samar  ,Iagor  found  no  ancient  rocks  in  place,  but  sediments 
which  he  collected  on  the  north  coast  appeared  to  Roth,  after  panning, 
to  be  derived  from  gneiss  or  mica-schist.  Fi-om  the  Basey  River,  on 
the  south  coast  of  the  island,  Jagor  brought  home  pebbles  which  Roth 
considered  an  oligoclase  porphyry.' 

In  Leyte.  on  the  east  coast,  half  a  league  north  of  Tanauan.  Jagor 
observed  a  projecting  rock  consisting  of  chloritic  quartz-schist.* 

At  Culion.  in  the  Calamianes,  Paleozoic  schista  and  quartzite  are 
said  to  occur. ' 

The  Island  of  Lubang  lies  to  the  northwest  of  Panay,  about  latitude 
18-^  50'.  Dana*  reported,  "Luban  contains  copper  pyrites  in  talcose 
and  chlorite  slate,  and  the  same  formation  extends  into  Mindoro,  where 
it  passes  into  serpentine,  specimens  of  which  were  contained  in  the 
cabinet  of  Senor  Roxas."  At  San  Jose  too,  on  the  coast  of  Panay,  the 
same  geologist  saw  pebbles  of  talcose  schist.  This  island  has  since 
been  investigated  })y  Mr.  Abella,  not  exhaustive!}'',  yet  with  nmch  care.' 
The  commonest  ancient  rock  of  Panay  is  a  quartz-diorite  of  granular 
texture,  or  a  tonalite,  in  which  labradorite  is  the  predominant  feldspar, 
and  the  quartz  is  in  part  granular,  in  part  interstitial.  The  ferromag- 
nesian  silicates  are  reddish  biotite  and  green  fibrous  hornblende.  Mag- 
netite is  absent.  This  I'ock  of  granitic  type  is  associated  with  others 
which  are  semi-porphyi'itic  and  contain  no  mica.  There  are  also 
quartzless  diorites  connected  with  the  other  varieties  b}"  transitions 
and  carrying  some  magnetite.  Mr.  Abella  further  describes  rocks 
containing  both  augite  and  hornblende,  which  he  classifies  with  the 
diabases,  but  he  does  not  discuss  the  question  how  far  the  green  fibrous 
hornblende  of  the  diorites  may  be  uralitic. 

The  diabases  are  less  abundant.  They  also  are  labradorite  rocks. 
"The  crystals  of  augite  are  individualized  and  well  characterized,  but 
what  chiefly  distinguishes  these  diabasis  from  the  diorites  is  that,  both 

1  Fragmente,  1878,  p.  62.  s  J.  E.  Tenison-Woods,  Nature,  Vol.  XXXIII,  1886,  p.  231. 

2  Jagor's  Reisen,  1873,  p.  348.  «U.  S.  Expl.  Exp.  1849,  Vol.  X,  p.  539. 
■<  Ibid.,  pp.  352-353.                                 '  La  Isla  de  Panay,  1890,  p.  97. 

*  Ibid.,  p.  220. 
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in  the  groundmass,  and  especially  as  inclusions  in  the  pyroxene,  there 
is  a  great  abundance  of  ferrous  iron,  and  above  all  of  magnetite,  which 
was  not  found  in  the  diorites."  Whether  the  structure  is  ophitic  is 
not  stated,  but  I  infer  from  the  absence  of  mention  of  minute  augites 
that  the  groundmass  is  feldspathic,  so  that  the  rock  might  perhaps  be 
classed  as  an  ancient,  holocrystalline  pyroxene-andesite.  At  one 
locality  (Mount  Nasog)  much  decomposed  gabbro  was  found.  Certain 
picrites,  though  accompanying  the  rocks  described  above,  may  pos- 
sibly, in  Mr.  Abella's  opinion,  belong  with  the  *ieo-volcanic  group, 
while  the  serpentines  mot  he  classifies  with  the  older  group.  Tutis 
appear  to  have  accompanied  the  diorites  and  diabases,  and  stratilied 
rocks,  including  the  lignitic  beds,  intervened  between  the  eruption  of 
these  rocks  and  the  neo- volcanic  andesites  and  basalts.  '■  In  Mr.  Abella's 
map  of  Panay  the  ancient  and  neo-volcanic  rocks  are  not  differentiated. 
The  massive  rocks  are  mainly  confined  to  the  range  which  forms  the 
eastern  boundary  of  the  Province  of  Antique,  and  to  the  divide  which 
forms  the  western  boundary  of  Concepcion,  Excellent  tonalites,  fit 
for  quarrying,  Mr.  Abella  says,  occur  on  the  shore,  on  the  west  coast, 
at  Tinanagan,  in  latitude  11°  44'  30",  some  5  miles  westerly  from 
Pandan;  and  also  on  the  east  coast  at  Colasi,  in  latitude  11°  4'  30". 
He  suggests  this  rock  as  a  substitute  for  Hongkong  granite,  which  is 
largely  employed  for  paving  in  Manila. 

In  the  Island  of  Negros  I  did  not  chance  upon  any  ancient  rocks.  I 
should  expect  to  find  such  in  the  watershed  of  the  southwest  coast  of 
Negros,  a  region  which  1  was  unable  to  visit,  rather  than  in  the  main 
volcanic  sierra  of  the  island. 

Cebu  is  covered  for  the  most  part  by  a  mantle  of  coral,  100  or  more 
feet  in  thickness,  which  reaches  from  the  crest  of  the  island  to  the  sea. 
In  some  localities,  however,  the  coral  is  absent,  a  condition  due,  at 
least  in  part,  to  stream  erosion.  One  such  exposure  occurs  in  the  foot- 
hills of  the  main  range,  to  the  west  of  the  capital  town,  also  named 
Cebu,  and  extends  for  several  miles  both  up  and  down  the  island.  A 
similar  exposure  lies  on  the  western  slope  of  the  central  range  nearly 
opposite  that  just  mentioned.  Other  areas  of  minor  extent  are  found 
toward  the  ends  of  the  island.  A  portion  of  these  denuded  areas  is 
occupied  by  schists  and  pie-Tertiary  msissives.  They  have  l)een 
examined  ))y  Mr.  Abella,  and  his  specimens  were  determined  micro- 
scopically by  Mr.  Jose  MacPherson.  At  a  single  point,  Bagbad,"  Mr. 
Abella  found  an  amphibolic  slate,  and  he  inclines  to  the  opinion  that 
the  geological  foundation  of  the  island  is  of  this  character.  The  oldest 
massive  rocks  are  almost  exclusively  diorites,  often  muc-h  jointed,  and 
sometim(>s  exhil)iting  traces  of  schistosity.  Dioritic  tutls  accompany 
the  diorites.     The  only  exceptional  specimens  noted  arc  felsophyres, 

1  La  Isla  di-  I'anay,  1890,  p.  109. 

» I  have  not  boen  able  to  find  this  point  on  the  map,  or  any  note  as  to  Its  precise  locality,  in  Mr. 
Abella's  uifinoir  on  Cebil. 
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which  appear  in  this  case  to  be  porph3n-itic  diorites,  a  single  actinolite 
rock  from  the  hot  springs  of  Cagbao/  and  a  single  granite.  The 
granite  comes  from  the  upper  part  of  the  Panoypoy  Brook,  and  there- 
fore from  a  point  3  or  4  miles  to  the  northwest  of  Consolacion,  a  town 
lying  8  miles  or  so  to  the  northeast  of  Cebi'i.  Of  these  specimens  Mr. 
Abella  says:  "Until  other  more  detailed  investigations  disclose  the 
part  played  by  these  rocks  we  can  onl}'  consider  them  as  accidental."^ 
On  the  Guadalupe  Kiver,  which  empties  into  the  sea  at  the  town  of 
Cebi'i,  I  met  with  a  I'ock  which  is  probabl}^  allied  to  Mr.  Abella's 
granite.  It  occurs  in  the  stream  bed  about  three-quarters  of  a  mile 
above  the  point  at  which  the  river  debouches  into  the  coastal  plain,  or 
some  4  miles  from  Cebii.  It  is  a  fine-grained,  greenish-gray  rock,  con- 
taining chlorite  and  some  pyrite.  It  has  been  uuich  crushed  and  jointed. 
Under  the  microscope  it  appears  thoroughly  granular,  and  is  com- 
posed of  striated  and  unstriated  feldspar,  quartz,  hornblende,  iron 
ore,  and  other  minor  constituents.  It  is  somewhat  decomposed.  A 
consideraljle  portion  of  the  feldspars  is  unstriated.  The  predominant 
plagioclase  is  oligoclase,  but  there  are  a  few  grains  of  labradorite,  one 
of  them  neatly  inclosed  in  oligoclase.  A  few  individuals  might  pos- 
sibly be  interpreted  as  albite,  but  these  were  not  so  oriented  that  they 
could  be  certainlv  determined.  The  unstriated  feldspars  have  a  smaller 
index  of  refraction  than  balsam,  and  are  on  the  whole  more  decom- 
posed than  the  plagiodases,  being  largely  filled  with  sericitic  mica. 
The  quartz  is  interstitial,  and  is  much  cracked,  no  doubt  by  priessure. 
The  hornblende  also  appears  to  be  of  somewhat  later  development  than 
the  feldspars.  It  is  green  and  fi))rous,  but  there  seems  no  evidence 
that  it  is  uralitic.  The  abundant  chlorite  and  epidote  are  certainly 
in  part  derived  from  the  hornblende.  There  is  a  moderate  quantity  of 
magnetite  and  seemingly  a  little  ilmenite,  surrounded  by  leucoxene. 
A  few  apatites  and  zircons  were  observed.  J'o  make  certain  of  the 
proper  classification  of  the  rock  the  following  partial  analysis  was 
carried  out  by  Mr.  George  Steiger: 

Per  cent. 

CaO 2.66 

K,0 1.07 

Na,0 6. 19 

Estimating  the  amount  of  hornblende  at  5  per  cent,  and  supposing 
a  tenth  part  of  this  mineral  to  be  CaO,  the  analysis  is  compatible  with 
the  following  hypothetical  composition : 

Per  cent. 

Quartz 25 

Hornblende 05 

Labradorite  ( AbiAnj ) 07 

'This  place  is  3  or  4  miles  northwest  of  Minglanilla,  a  town  6^  miles  southward  of  Cebi'i.  Pos- 
sibly, and  indeed  probably,  this  specimen  is  identical  with  the  amphibolic  slate  from  Bagbad,  which 
may  be  a  small  village  near  the  springs. 

2  Rapida  descripci6n    .    .    .    de  Cebii,  1886, pp. 96-101. 
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Oligoelase  (Ab^An,)  42 

Albite 15 

Orthocla.«e OG 

The  amount  of  un.striated  feldspar,  however,  is  much  in  excess  of  6 
per  cent;  and  I  am  forced  to  the  conclusion  that  the  rock  is  composed 
largely  of  soda-orthoclase.  It  can  not,  however,  be  classed  otherwise 
than  as  a  diorite.  It  seems  not  improbable  that  Mr.  Abella's  granite 
may  be  a  rock  with  a  larger  percentage  of  a  similar  orthotomic  feldspar. 

Mr.  A.  F.  Renard  found  among  the  specimens  of  the  Challenger 
expedition  a  pyroxene-olivine  I'ock  which  he  compares  to  a  basalt,  but 
inclines  to  think  pre-Tertiar}^  and  a  melaphyre.  It  was  collected  in  a 
river  bed  near  Cebii,  Cebii.^ 

The  late  Mr.  "William  Ashburner,  a  well-known  American  mining 
expert,  examined  a  gold-quartz  vein  on  the  Island  of  Panaon  in  1883. 
This  island  lies  immediately  to  the  south  of  Leyte,  from  which  it  is 
separated  only  by  a  channel  a  few  hundred  j^ards  in  width.  The  mine 
lies  just  south  of  Pinutan  Point  and  is  marked  on  Mr.  d' Almonte's 
map.  Ashburner  reported  the  walls  of  the  vein  as  greenstone- 
porphyry.^  This  term  would  not  exclude  "propylitic"  neo-volcanics, 
but  in  all  probability  points  to  diorite  or  diabase. 

Concerning  the  great  Island  of  Mindanao,  only  scattered  observa- 
tions are  available.  Sainz  de  Baranda^  noted  the  occurrence  of  ser- 
pentine on  the  cast  coast  of  the  island  at  Canmahat  and  in  Misamis 
Province  at  Pigtao.  ]Mr.  Centeno  states  that  at  Pigholugan,  near 
Cagayan,  in  the  Province  of  Misamis,  there  are  quartz  veins  in  talcose 
schists.  The  auriferous  districts  of  the  Province  of  Surigao  may,  he 
points  out,  be  regarded  as  a  continuation  of  the  Misamis  district.  The 
most  notable  deposits  here  are  in  the  mountains  of  Canimon,  Binuton, 
and  Canmahat,  a  day's  journey  southward  from  the  town  of  Surigao, 
The  terrane  is  here  composed  of  much  altered  talcose  slate  and  serpen- 
tine.' Mr.  Semper  collected  on  the  Maputi,  which  is  an  upper  tribu- 
tiiry  of  the  Agusan  River  in  Surigao.  Here  he  found  a  uralitic  gab- 
bro  and  a  chloritized,  aphanitic,  augite-plagioclase  rock,  containing  a 
few  i)lagioclase  phenocrysts.  The  specimens  have  been  described  l)y 
Mr.  Oebboke."  They  arc  probabl  v  facies  of  the  melaphyres  found  by 
Mr.  jNIontano.  Mr.  Ashburner  examined  a  slate  belt  in  the  extreme 
northern  portion  of  the  island,  about  8  miles  to  the  southward  of  the 
town  of  Surigao,  at  the  headwaters  of  the  Cansuran  River.  It  con- 
tains auriferous  quartz  stringers.     Mr.  Montano  collected  melaphyres 

1  Voy.  of  ChaWmjtr,  Vol.  II,  pt.fl,  1S89,  pp.  lOO-lT.'i. 
=  Muiius<ripl  report  of  Mr.  Ashburner,  188;j,  shown  mo  by  his  clienl.-i. 

3  He  also  mentions  crystals  of  rutile  from  ai\  ishiixl  e(illo<l  Bigut,  which  is  unknow  n  lo  me.    Analea 
de  Minus,  Madrid,  Vol.  II,  1811,  pp.  197-212. 
^Memoriii  Ki"ol<'>Klt'o-nilncrii,  1S76,  p.  49. 
'Ncues  .liihrbuch,  Bell.-Band  I,  1881,  p.  498. 
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at  a  number  of  points  in  eastern  Mindanao.  Such  are  the  eastern 
shore  of  the  Bay  of  Butuan,  the  eastern  coast  of  the  island  between 
Bislig-  and  (^atel,  and  the  divide  between  the  waters  which  flow  north- 
ward into  Butuan  Bay  and  those  which  tiow  southward  into  the  Gulf 
of  Davao.  The  river  of  this  southern  drainage  basin  Montano  calls 
the  Sahug.  Other  authorities  give  it  different  names.  In  its  head- 
waters he  found  float  consisting  of  melaphyre  and  quai'tz-porphyries. 
Melai)hyre  he  found  again  at  Pujada  Bay  near  Cape  San  Agustin. 
Quai  tz  breccias  also  occur  on  the  divide  between  Pujada  and  the  Gulf 
of  Diivao.  Serpentine  accompanies  the  melaphyre  to  the  south  of 
Bislig.' 

Mr.  Minard  visited  the  gold-bearing  region  of  Misamis,  the  north- 
western province  of  Mindanao.  The  sandstones  and  conglomerates  of 
the  Iponan  VaUey,  dipping  12'.  are  said  to  be  broken  through  at  many 
points  by  diorite  and  serpentine.  The  pebbles  of  the  conglomerates 
include  diorites,  augite-porphyry,  serpentine,  jasper,  and  marble.^ 
Some  years  later  Mr.  Abella  made  a  reconnaissance  of  this  region, 
examining  the  gold  deposits  along  the  courses  of  several  rivers,  all  of 
which  empty  into  Macajalar  Bay.  They  are  the  Iponan,  the  Cagayan, 
the  Bigaan.  and  the  Cutman.  In  this  region  he  found  two  considera- 
ble areas  of  old  slates.  One  of  these  touches  the  Iponan  River  10  or 
12  miles  from  the  sea.  The  other  is  intersected  by  the  Cutman  and 
approaches  the  sea  within  2  miles,  near  the  tf)wn  of  Agusan,  which  lies 
at  the  mouth  of  the  Cutman  River.  Alhivial  deposits  fringe  the  shore 
of  the  bay  and  follow  the  streams.  Otherwise  the  countr^^  as  depicted 
by  Mr.  Abella,  is  covered  with  strata  provisionally  referred  to  the 
Miocene.  The  slates  are  described  as  metamorphic  and  in  part 
steatitic.  The  pebbles  of  the  Tertiary  conglomerates  consist  of  such 
slates,  serpentinoid  rocks,  and  many  varieties  of  "  trachy tic  rocks." 
I  think  that  at  the  date  of  his  memoir,  1879,  Mr.  Abella  used  this 
term  for  neo-volcanic  rocks  not  basaltic  in  appearance.  The  descrip- 
tion of  the  fossiliferous  rocks  overlying  the  slate  leaves  no  doubt  that 
they  are  Tertiary  or  Recent,  a  fact  which  it  is  difficult  to  reconcile  with 
Mr.  Minard's  statement  that  they  are  cut  by  serpentine  and  diorite. 
In  the  placer  at  the  Bigtog,  tributary  to  the  Caga\'an,  Mr.  Abella 
found  slightly  rounded,  large  pebbles  of  orthoclase.'* 

A  few  miles  northwest  of  Zamboanga  (in  southwestern  Mindanao), 
at  Caldera,  Dana  observed  hornblendic  and  talcose  schist  in  pebbles,* 
and  on  Malanipa,  about  IB  miles  E.  by  S.  from  Zamboanga,  the  ChaJ- 
lenger  expedition  collected  serpen tinized  peri^otite,  studied  by  Mr. 
Renard.^ 

1  Mission  aux  lies  Phil.,  1879-1881,  pp.  27a-277. 

2  Bull.  Soc.  g6o!.  France,  5th  series.  Vol.  II,  1874,  pp.40a-406. 

3Mem.  acerca  do  los  criaderosauriferos    .     .     .    Misamis,  1879,  pp.  4,  18,  32,  45. 
1  U.  S.  Expl.  Exp.,  Vol.  X,  1849,  p.  539. 
=  Ibid. 
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The  foregoing  f ragmentery  notes  cover  all  the  information  available 
concerning  the  crystalline  .s(»hists  and  pre-Tertiary  massive  locks. 
There  is,  however,  a  second  line  of  evidence  on  this  subject  which  is 
perhaps  not  without  value,  although  it  is  inconclusive.  In  all  cases  in 
the  Philippines  of  which  details  are  known,  crystalline  schists  accom- 
pany gold-quartz  veins,  copper  ores,  iron  ores,  and  galena.  It  is  there- 
fore probable  that  where  nothing  is  known  of  the  geolog}'  except  the 
occurrence  of  these  ores  crystalline  schists  exist.  This  deduction 
leads  to  the  inference  that  the  northern  end  of  the  Cordillera  del 
Norte,  being  autiferous,  consists  in  part  of  such  schists,  and  the  gold 
of  northern  Zambales  niaj^  be  taken  into  account  in  considering  the 
massive  rocks  thei-e.  A  belt  of  iron  ores  over  40  miles  in  length  and 
presumably  accompanied  by  schists  passes  east  of  Angat  in  the  sanie 
direction  as  the  trend  of  the  neighboring  sierra.  The  islands  to  the 
eastward  of  central  and  southern  Luzon  would  seem  to  be  composed  in 
part  of  schists,  and  with  them  may  be  considered  the  peninsula  of 
Caramoan,  which,  as  well  as  the  islands  Polillo,  Luhuy,  Catanduanes, 
and  Rapurapu,  contains  gold.  To  the  southward  of  Luzon  the  islands 
Capul,  Masbate,  and  Marinduque  contain  copper,  while  Sibuyan  and 
Masbate  produce  some  gold.  Southern  Negros  has  gold  deposits; 
copper  is  reported  from  Balabac,  and  gold  from  Jolo.  Thus,  if  this 
class  of  evidence  is  admissible,  ci-ystalline  schists  occur  in  all  the  more 
important  portions  of  the  archipelago  except  Palawan  or  Paragua,  of 
which  next  to  nothing  is  known.' 

A  mere  inspection  of  any  chart  would  l(>ad  to  the  inference  that  such 
must  be  the  case,  for  most  of  the  platform  on  which  the  islands  stand 
is  exposed,  while  wherever  the  earth's  surface  is  sufiiciently  incised 
crystalline  schists  or  allied  granulai-  rocks  are  laid  l)are.  Of  the  age 
of  the  rocks  under  discussion  nothing  is  known  directly,  and  it  is  prob- 
able that  several  eras  are  represented.  When  the  neo-volcanic  rocks 
come  to  b(>  discussed  it  will  be  found  that  they  belong  for  the  most 
part  to  the  same  chemical  and  mineralogical  types  as  the  pre-Tertiary 
massives.  There  appears  to  have  been  in  earlier  times  one  period  at 
least  of  volcanism  very  similar  to  that  still  progressing  in  the  archi- 
pelago. Very  probably  it,  too,  was  accompanied  b}-  an  important 
uplift  of  the  region.  It  is  noteworthy  that  the  older  massives  are  very 
deficient  in  potash.  The  only  orthoclastic  rocks  noted  arc  a  specimen 
of  (juartz-porphyrv  from  Cal>ayan  in  Henguet;  a  gneiss  from  Paracalc, 
Ambos  Camarines;  a  granite  from  C'ebu.  and  some  pebbles  from  ^Nlisa- 
mis.  Among  the  neo-volcanics.  also,  lime-soda  feldspars  vastly  pre- 
dominate over  sanidine. 

In  Borneo  the  central  portions  of  the  mountain  ranges  ar(>  composed 
largely  of  crystalline  schists.     These  are  older  than  slates,  which  there 

lOn  chiirt  17,'U  of  the  HydroKraphip  Office,  wliich  is  frmii  n  British  survey  in  isfil  by  Commander 
W.  T.  Hiili-.  ^rollnt  KniMias,  on  I'nluwiin,  in  liililiiMi'  l(t°  is',  longitude  lllf^  IT',  is  marked  granite. 
Without  fiirllirr  information  I  hesitate  tOBceei>t  itiis  us  a  lilhological  deteriniiiation,  though  it  is  not 
improbiiljli  . 
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is  some  paleontological  evidence  for  considering  Devonian,  and  they 
may  be  Archean.  Both  in  Borneo  and  in  Sumatra  the  older  massive 
rocks  appear  separable  into  two  groups  of  different  ages,  an  older 
granitic-dioritic  group  and  a  younger  diabase-gabbro  series.  The 
granites,  quartz-porphyries,  syenites,  diorites,  tonalites,  etc.,  are  inti- 
mately associated  with  the  crystalline  schists,  which  are  doubtless  in 
part  dvnamometamorphic  forms  of  these  rocks.  There  are  also  some 
later  intrusions  or  extrusions  of  these  rocks.  On  the  other  hand,  the 
greater  part,  if  not  all,  tlie  rocks  of  the  gabbro-diabase  series  are 
3'ounger  than  Carboniferous  strata.  In  most  places  in  Borneo  there 
are  no  strata  between  the  Carboniferous  and  the  Eocene,  and  manj^ 
of  these  pyroxenic  rocks  ma}'  be  of  any  intermediate  age.  At  Mount 
Tamban,  in  South  Borneo,  however,  Mr.  Verbeek  found  gabbros  which 
appeared  to  be  partly  Eocene  and  partly  Miocene.' 

There  is  nothing  in  these  relations  inconsistent  with  Mr.  Abella's 
generalization  that  the  dioritic  rocks  are  the  oldest  in  the  Philipi^ine 
Islands.^  That  geologist  would  unquestionably  include  as  dioritic  the 
schists  of  similar  composition  which  accompany  them.  In  so  far  as 
the  older  orthoclase  rocks  exist  in  the  Philippines  they  certainly  belong 
chronologically  with  the  diorites.  As  for  the  diabase-gabbro  series, 
their  age  relatively  to  the  diorites  in  the  archipelago  has  not  3'et  been 
worked  out  in  detail.  It  would  seem  probable  that  some  at  least  of 
these  pyroxenic  rocks  are  much  younger  than  the  great  mass  of  the 
diorite. 


LITHOLiOGICAL  NOTES  OHi  TIIP:  VOLCANIC  ROCKS. 

It  will  surprise  no  one  to  learn  that  the  litholog}'  of  the  volcanics 
occurring  in  the  archipelago  is  in  a  very  imperfect  condition.  Baron 
von  Richthofen's  paper  of  1862  was  published  before  the  introduction 
of  the  microscope  into  the  study  of  rocks.  The  first  microscopical 
work  done  on  Philippine  collections  was,  I  believe,  that  of  Roth  on 
Jagor's  specimens,  and  was  published  in  1873.  It  is  of  great  value, 
but  many  modern  methods  of  determination  were  still  unknown. 
Mr.  von  Drasche's  notes  on  rocks,  excepting  gabbro,  are  meager. 
They  appeared  in  1878.  Prof.  Carl  Semper's  collections,  made  early 
in  the  sixties,  were  examined  after  the  publication  of  Mr.  von 
Drasche's  memoir  b}'  Mr.  K.  Oebbeke  in  the  laboratory  of  Professor 
Rosenbusch,  and,  with  analyses  by  Mr.  A.  Schwager,  were  described 
in  1881.  This  is  a  very  thorough  investigation,  but  the,  number  of 
localities  represented  is  not  large.     Mr.  Abella  gives  microscopical 

1 T.  Posewitz,  Borneo,  Geology  of  the  Mountain  Land,  pp.  137-172. 
2  Apuntos  f  isieos  y  geol6gicos,  1884,  p.  30. 
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determinations  in  his  nuMuoirs  on  Cebu,  1886,  and  on  Panay,  18!>0, 
but  does  not  appear  to  have  made  use  of  the  microscope  in  his  earlier 
papers  conceniino-  Luzon.  Mr.  Joseph  Montano's  rocks  (1885)  were 
examined  by  Mr.  Ch.  Velain,  but  few  details  are  given  in  his  memoir. 

In  compiling  what  is  known  of  these  rocks  and  their  distribution 
it  will  perhaps  be  most  perspicuous  to  begin  b}'  lithological  descrip- 
tions derived  from  study  of  my  own  verj'  imperfect  collections  and 
culled  from  the  memoirs  just  mentioned.  The  distribution  of  the 
lavas  can  be  more  conveniently  discussed  by  itself.  In  examining 
thin  sections  I  have  endeavored  to  take  full  advantage  of  the  methods 
of  feldspar  determination  so  ably  developed  by  Mr.  Michel  Levy,  and 
not  less  attention  has  been  paid  to  the  microlites  of  the  groundmass 
than  to  the  phenocrysts. 

The  Island  of  Talim,  in  Laguna  de  Bai,  furnishes  a  series  of  thor- 
oughly typical  ))asalts,  some  of  them  resembling  obsidian  in  appear- 
ance, though  in  reality  nearly  holocrystalline.  They  are  characterized 
by  ophitic  structure  and  the  predominance  among  the  feldspars  of 
anorthite  (Abu  An^oo).  The  phenocrysts  are  usuallv  zonal,  the  outer 
zone  approaching  or  reaching  calcic  labradorite  in  composition.  The 
microlitic  feldspars  vary  in  composition  more  than  the  phenocrysts, 
and  range  from  anorthite  to  sodic  labradorite,  showing,  as  do  man}' 
rocks,  either  that  the  residual  mother  liquor  was  very  far  from  being- 
homogeneous  or  that  the  rock  inadequately  represents  the  magma, 
being,  perhaps,  a  fractional  precipitate.  All  of  these  basalts  contain 
olivine,  chiefly  in  large  crystals,  and  in  none  of  these  could  I  find 
rhombic  pyroxenes.  The  augite  appears  to  be  younger  than  the 
olivine,  and  is  in  no  way  remarkable. 

Basalts  which  are  probably  in  every  respect  similar  to  these  are 
descril)ed  by  Mr.  Oebbeke  from  the  Island  of  Basilan,  at  the  town 
of  Isal)ela.  and  from  an  islet  ofi'  the  coast  about  6  miles  due  west  of 
Isabela.  called  Lampinigan.'  A  somewhat  decomposed  specimen  con- 
taining glass  gave  Mr.  Schwager  the  following  composition: 

Aiiiih/.tis  iif  hdsdlt  roiiliiiiiiiiil  7/a,v.v. 

PiTcont. 

SiO, 51.  32 

Al.Oj i  5.  48 

Fe^Os 4.  48 

FeO <i.  70 

MnO  0. 39 

CaO S.  68 

Mj?() (i.  54 

Na,( ) 3.  06 

K,() 1.11 

H,0 , 1.10 

Total 98.86 

>  NiMii's  .luhrbuoh,  Beil.-Hnnd  1, 1«K1,  p.  4»9. 
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Mr.  A.  F.  Renard  *  describes  a  decomposed  rock  from  a  river  bed 
near  Cebu,  Cebu,  which  may  be  a  basalt  or  a  pre-Tertiary  melaphyre. 
He  inclines  to  the  latter  hypothesis  because  the  rock  contains  epidote, 
but  points  out  that  this  fact  does  not  exclude  its  reference  to  the 
basalts.     The  specimen  was  collected  b}'  the  Challenger  expedition. 

The  next  well-defined  group  of  rocks  should,  in  my  opinion,  be 
classed  as  labradorite-basalt.  I  collected  specimens  of  such  a  rock  in 
the  ravine  just  east  of  Paete,  which  lies  on  the  east  side  of  Laguna 
de  Rai,  a>)out  2  miles  to  the  northward  of  Santa  Cruz.  It  contains 
abundant  olivine  but  no  rhombic  pyroxene.  As  is  well  known,  these 
minerals  are  rarely  found  together.  The  olivine  is  older  than  the 
augite.  The  slide  contains  an  unusual  number  of  determinable  feld- 
spar phenocrysts,  almost  totally  devoid  of  zonal  structure,  among 
which  I  found  only  calcic  labradorite.  The  microlites,  on  the  other 
hand,  include  both  labnidorites  and  a  little  andesine.  The  pheno- 
crystic  feldspars  are  not  sufEcientl}'  numerous  to  produce  ophitic 
structure,  but  the  microlites  do  form  such  a  network,  filled  in  with 
minute  augites.  The  groundmass  differs  so  essentially  from  that  of 
the  andesites  that  to  call  this  rock  an  olivine-andesite  would  seem  to  me 
misleading.  Near  the  same  spot  I  found  a  very  coarse  porphvry,  with 
feldspars  half  an  inch  in  length,  embedded  in  a  fine-grained  dark 
paste.  It  reminded  me  at  once  of  the  material  of  Tuolumne  Ta))le 
Mountain,  which  has  t)eeji  so  interestingly  discussed  by  Mr.  H.  W. 
Turner.  As  seen  under  the  microscope,  the  same  description  given  to 
the  foregoing  specimen  applies,  except  for  the  great  size  of  the  pheno- 
crystic  feldspars  and  the  absence  of  andesine  in  the  groundmass.  1 
also  collected  a  labradorite-basalt  in  the  Island  of  Negros,  about  16 
miles  northeast  of  the  volcano  Canlaon,  on  the  Talabe  River.  In  this 
rock,  however,  there  is  hypersthene  as  well  as  olivine,  and  the  feldspar 
of  the  groundmass  consists  only  of  the  two  labrodorites.  With  these 
rocks  I  place  that  of  the  mountain  just  to  the  southeast  of  the  town  of 
Jolo  (Tumantangis).  In  this  the  only  phenocr^'sts  are  olivines,  while 
the  ophitic  groundmass  consists  of  calcic  labradorite,  the  interstices 
between  them  l)eing  filled  with  augite,  magnetite,  and  a  little  olivine. 

In  Pana}^  Mr.  Abella'^  has  discovered  leucite-nepheline-basalts. 

A  very  curious  rock  defying  strict  classification  comes  from  south- 
ern Negros,  about  3  miles  west  of  Dumaguete,  the  massif  to  which  it 
belongs  being  andesitic.  The  specimen  originally  contained  horn- 
blende as  the  sole  phenocrystic  ferromagnesian  silicate,  but  this  has 
been  completely  converted  into  the  ordinary  "black  border"  of 
magnetite  and  augite.  Outlines  remaining  leave  no  doubt  of  the 
original  mineral.  The  inner  portions  of  the  somewhat  sparsel}'  dis- 
tributed feldspar  phenocrysts  are  sodic  labradorite  (Abj  Auj),  but  they 

'  Bull.  Acad.  roy.  Belgique,  3d  series,  Vol.  XI,  1886,  pp.  9.5-105;  and  Voy.  of  Challenger,  Vol.  II,  pt,  4, 
1889,  pp.  160-175. 
-  Isla  de  Panay,  1890,  p.  107. 
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show  a  strongly  marked  outoi-  zone  which,  instead  of  being  more 
silicic,  is  less  silicic  than  the  kernel.  These  outer  rims  give  the  angles 
of  extinction  of  calcic  labradorite,  of  course,  for  the  same  crystallo- 
graphic  positions  found  for  the  sodic  labradorite  of  the  interior  por- 
tions. The  rims  also  seem  to  differ  otherwise  from  the  ordinary  zonal 
structure,  their  inner  boundaries  being  more  rounded  than  the 
peripher}^  and  apparently  disregarding  crystallographic  form,  just  as 
if  the  outer  portions  of  sodic  labradorites  had  been  changed  to  the 
calcic  species  by  external  attack.  Some  small  feldspars  are  embedded 
in  the  hornblendes.  These  are  sodic  labradorite  and  are  not  inclosed 
in  the  more  anorthitic  mineral.  The  groundmass  contains  a  large 
number  of  microlitos  suitable  for  determination.  Man}'  of  them  show 
nearly  square  cross  sections  and  can  be  determined  by  a  method  which 
1  have  indicated  in  my  report  on  the  gold  fields  of  southern  Alaska.' 
Some  of  these  microlites  show  albite  twinning  and  are  demonstrably 
bounded  by  the  base  and  brachypinacoid.  The  long  sections  of 
microlites  in  this  rock  are  also  in  many  cases  determinable.  The 
result  is  that  the  majority  of  the  microlites  are  anorthite  and  the 
remainder  calcic  labradorite,  which  is  certain!}'  a  very  curious  state  of 
affairs.  This  groundmass  contains  nearly  equal  quantities  of  feldspar 
and  augite  with  a  moderate  amount  of  magnetite,  but  its  structure  is 
not  ophitic.  The  specimen  came  from  a  brecciated  flow  and  nmst 
have  been  formed  under  abnormal  conditions,  most  likely,  I  should 
say,  at  the  periphery  of  a  moving  mass  of  magma.  The  position  in 
which  it  was  found  seems  to  show  that  it  is  a  facies  of  andesite. 

A  .somewhat  similar  rock,  from  the  new  volcano  of  Camiguin  de 
Mindanao,  has  been  described  by  Mr.  A.  F.  Kenard.  The  rocks  there 
collected  by  the  t'hallen<jci'  expedition  are  pyroxene-  and  hornblende- 
andesites,  the  former  predominating,  and  including  as  constituents 
bronzite  and  augite.  Olivines  are  found  occasionally.  In  the  pyroxene- 
and(>site  \\(\  found  the  feldspar  phenocrysts  composed  of  species  rang- 
ing from  andesine  to  labradorite.  They  show  zonal  structure,  and  the 
outer  zones  extinguish  at  greater  angles  than  the  inner  ones,  in  contra- 
vention of  the  ordinaiy  rule.  The  microlites  are  labradorite.  Mr. 
Kenard  connuents  thus:  ^  We  have,  then,  to  admit  that  the  acidity  of  the 
magma  decreased  in  proportion  to  the  dcn-elopment  of  the  feldspar."'^ 

There  ai'e  many  specimens  in  my  collection  which  seem  to  me  normal 
andesit(>s,  some  of  them  from  the  same  neighborhood  as  the  al)errant 
rock  just  described.  One  such,  collected  somewhat  south  of  Valencia, 
from  the  same  massif,  is  a  very  fresh  hornblende-andesite.  containing 
a  little  augite,  but  no  hyporsthen(\  tlie  phenocrystic  fel(is])ars  IxMiig 
chiefly  calcic  lal)radorite,  while  the  microlites  are  chietl\  sodic  labra- 
dorite, a  few  being  andesine.     There  is  the  usual  quantity  of  iron  ore, 

'  EiglUeontli  Ann.  Kept.  V.  S.  Gcol.  Survey,  Pt.  Ill,  p.  :!J. 

-Bull.  Acad.  roy.  BelKlque.Sd  series,  Vol.  X,  1885,  w.  7ol-7fil,  and  Voy.  of  r/in//' /i;/m-.  Vol.  II,  pt.4, 
18.H<),pp.l60-17.'i. 
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apatite,  zircon,  much  glass,  and  no  suggestion  of  ophitic  structure. 
The  Ishmd  of  Corregidor  and  the  neighborhood  of  Mariveles,  at  the 
mouth  of  ^Nlanihi  Bay,  was  the  only  volcanic  region  which  1  was  able 
to  study  without  being  aruied  and  guarded,  and  I  have  a  better  suite 
of  specimens  from  that  region  than  from  other  localities.  Excepting 
a  dike  (which  is  dacite).all  the  rocks  I  could  tind  along  the  shore  or  in 
the  foothills  of  the  Mariveles  Range,  or  among  the  pebbles  brought 
from  higher  altitudes  l)y  the  streams,  are  andesites.  In  texture^  they 
vary  from  the  basaltic  to  the  ti-achytic  type,  and  there  are  agglom- 
erates and  tuffs  in  abundance;  but  they  are  all  essentially  lal)radorite 
rocks  without  ophitic  structure.  For  the  most  part  the}-  aie  pyroxene- 
andesites,  containing  augite  and  a  dichroic  rhomI)ic  pyroxene, .l)ut  one 
gray  rough  rock,  which  is  (piarried  for  use  in  Manila,  is  hornblendic. 
In  one  speciiuen  only  from  this  i-egion  I  was  able  to  detect  a  single 
minute  scpiare  crA'.stal,  which  gave  an  extinction  of  41  and  must  be 
anorthite.  As  a  rule  the  phenocrystic  feldspars  are  Ab.,  An,,  while 
the  microlites  are  more  sodic,  ranging  downward  to  andesine.  Nearly 
all  these  rocks  are  more  or  less  glassy.  I  found  no  olivine.  1  am 
rather  explicit  a>)out  the  rocks  of  this  locality  because  Rotli '  calls  the 
ro<'k  of  this  region  dolerite. 

On  the  west  coast  of  Negros  the  country  is  alluvial,  and  the  beau- 
tiful volcanic  range  ending  to  the  southward  in  the  ever-steaming 
voUano  of  Canlaon  is  distant;  but  the  streams  near  Bacolod  bring 
down  volcanic  })el»bles  which  appear  to  be  exclusively  andesit(\  and 
chierty  hornblende  andesite.  A  slide  shows  a  glassy  rock  in  which 
hornblende,  in  phenocrysts  and  microlites,  is  the  only  ferromagnesian 
component.  This  is  greenish  lirown  in  tint,  very  dichroic,  and  extin- 
guishes at  a  low  angle.  The  feldspars,  large  and  small,  are  labradorite, 
chiefly  of  the  sodic  variety.  Magnetite,  apatite,  and  zircon  complete 
the  components  of  this  siiuple  ro(;k.  On  the  Talabe  River,  on  the 
east  side  of  Negros,  nearly  opposite  Bacolod,  I  also  found  vast  quanti- 
ties of  andesite  pebbles,  brought  down  from  the  volcanic  range.  One 
is  a  glassy  pyroxene  rock  in  which  the  only  notable  feature  is  an 
interesting  variation  in  the  zonal  structure  of  the  feldspars.  In  two 
phenoi-rysts  a  zone  of  anorthite  (Ab,i  An2„(,)  was  sharply  determined 
inclosing  calcic  labradorite  and  inclosed  by  calcic  labradorite.  It  is 
difficult  to  make  sure  how  such  fluctuations  can  occur.  Near  Duma- 
guete,  in  southern  Negros,  1  also  found  an  otherwise  normal  andes- 
ite which  contained  one  phenocryst  and  a  microlite  which  were 
anorthite.  Underlying  the  corals  in  eastern  central  Cebu,  about  2 
miles  west  of  Naga,  and  again  on  the  Guadalupe  River  to  the  west 
of  the  town  of  Cebu,  1  found  very  normal  hornblende-pyroxene- 
andesite  with  labradorite  feldspars, 

1  Jagor,  Reiscn,  1873,  p.  341.     I  think  Jajeror's  labels  must  have  gone  wrong. 
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Mr.  Oebbeke'  gives  descriptions  of  various  andesites,  with  analyses 
of  rocks,  and  sometimes  of  components  as  well.  In  Mr.  Semper's 
coll(H'tion  he  found  far  more  augite-andesites  than  hornblende-andesites. 
Of  the  latter,  one  is  of  especial  interest.  It  is  a  white  pumice  from 
Magalang  in  the  Pampanga,  just  to  the  west  of  Mount  Arayat.  The 
feldspars  appear  megascopically  veiy  like  sanidine.  The  hornblende 
is  green.  The  rock  also  contains  some  scales  of  very  dark  mica,  the 
angle  between  the  optic  axes  of  which  is  relatively  large.  The  micro- 
scope and  analysis  show  that  the  phenocrystic  feldspars  are  AbjAnj, 
but  near  the  oligoclastic  limit  of  that  species.  The  groundmass  is 
glass  with  a  sprinkling  of  magnetite.  A  specimen  of  hornblende- 
andesite  from  the  small  Island  of  Limasaua,^  just  south  of  Leyte, 
examined  by  Mr.  Oebbeke,  contains  feldspars  which  do  not  give  sharp 
extinctions,  as  Mr.  Fouque  observed  in  certain  sanidines,  the  dark  tint 
passing  across  the  section  as  the  slide  is  revolved.  This  rock  also 
contains  a  somewhat  abnormal  quantity  of  potash  for  an  andesite. 
The  analysis  is  given  below. 

The  rocks  of  the  Semper  collection  from  Mariveles  correspond  with 
my  own  in  most  respects,  being  labradorite  rocks,  more  or  less  glassy, 
without  ophitic  structure.  Portions  of  the  Mariveles  rocks  examined 
by  Mr.  Oebbeke  were  found  to  carry  hornblende  in  addition  to  augite, 
and  some  grains  were  detected  of  a  mineral  which  is  proba))ly  olivine. 
In  one  respect  my  results  diflfer  from  Mr.  Oebbeke's.  He  found  the 
augites  strongly  pleochroic.  Such  crystals,  when  isolated  and  exam- 
ined separately,  gave  finite  extinctions.  Their  analysis  gave  Fe  (Mn) : 
Ca:  Mg=l :  1.2  :  3,  and  the  conclusion  is  drawn  that  the  mineral  is  not 
a  rhombic  pyroxene.  In  my  slides  all  the  pleochroic  pyroxenes  cut 
parallel  to  the  axis  give  zero  extinction  and  seem  to  me  unquestion- 
ably rhombic,  while  in  the  individuals  which  gave  sensible  extin('tion 
angles  I  could  detect  no  dichroism. 

Mr.  Oebl)eke  finds  the  rocks  of  Taal  volcanic  augite-andesite,  while 
Ml',  von  Drasche'*  regarded  them  as  dolerite,  except  certain  ejecta 
which  "might  perhaps  l)e  classed  as  augite-andesites."  According  to 
Mr.  Oebbeke,  all  the  specimens  have  a  silica  content  of  between  5«)  and 
58  per  cent,  and  the  olivine  is  accessory  only.  He  states,  however,  that 
in  the  case  of  certain  specimens  adoul)t  might  arise  as  to  which  group 
they  1)(>longed  with.  The  nrain  mass  of  the  crater  is  a  labradorite  rock 
containing  phenocrysts  of  augite  and  plagioclase  in  a  groundmass 
which  is  not  ophitic  and  is  largely  glassy.  Whether  certain  decom- 
posed yellowish  grains  were  referable  to  olivine  could  not  be  deter- 
mined. An  analysis  is  given  in  the  table  below,  as  well  as  of  the 
essentially  similar  rock  of  Great  Binintiang,  a  small  crater  at  the 
northwest  end  of  the  Taal  Island. 

'  Neues  JahrbiK'h,  Bcil.-Band  I,  l^^l. 

"Oebbeke  writes  Limansaua,  wliicli  iippeursto  be  incorreet. 

"Fragmente,  1878.  p.  51. 
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Analyses  of  andesUes. 
[Analyst,  A.  Schwager.] 


I. 

„. 

III. 

IV. 

SiO, 

54.48 
19.44 
1.80 
4.90 

54.  62 

16.96 

4.50 

4.27 

.35 

8.56 

5.20 

3.26 

1.80 

.73 

Tract.. 

58.42 

17.64 

5.66 

4.00 

.48 

4.  50 

2.54 

4.44 

2.52 

.42 

.31 

56.  02 

Al.,(), 

16.52 

Fe^Oj 

5  02 

FeO     

5.  51 

MnO 

.36 

CaO 

7.08 
3.72 
3.58 

4.20 

Mg( ) 

4.67 

Na.,0 

5.  83 

K.,0 

3.  32 

1.66 

H J )  (ignition ) 

TiO., 

1.70 

.47 

Total 

100.  02 

100.  25 

100.  93 

100.26 

I.  Somewhat  abnormal  hornblende-andesite  from  LimaHaua  Island,  just  south  of 
Leyte. 

II.  Augite-andesite  from  Mariveles  Point. 

III.  Augitt'-andesite  from  main  crater  of  Taal. 

IV.  Augite-andesite  from  Binintiang  crater  at  Taal. 

1  found  an  interesting  daeite  on  the  Island  of  Corregidor,  at  the 
entrance  to  Manila  Bay.  It  forms  a  wide,  irregular  dike  crossing  the 
island  from  north  to  south  just  ea.st  of  the  little  .settlement,  San  Jose, 
and  terminates  in  a  bold  white  cliff,  visi))le  from  the  south  passage,  or 
Boca  Grande.  This  rock  is  affected  by  a  .system  of  rectilinear  pressure 
joints,  and  .some  considerable  dynamic  action  has  occurred  since  its 
intrusion.  It  is  blindingh"  white,  and  shows  to  the  naked  eye,  besides 
feldspar,  only  some  small  quartzes  and  minute,  opaque  mica  scales. 
Tnder  the  micro.scope  the  mica  is  brownish  gi-een,  unusually  opaque, 
and  extremeh'  dichroic.  There  are  no  other  fei-romagnesian  silicates. 
There  are  few  phenoci'ystic  feldspars,  and  these  are  sodic  labi-adorite. 
Two  or  three  quartzes  also  appear.  The  bulk  of  the  rock  is  made  up 
of  feldspar  microlites,  with  just  a  sprinkling  of  magnetite  and  a  little 
apatite.  The  slide  contains  hundreds  of  microlites  of  almost  exactly 
square  cross  section.  They  .seem  divisible  into  two  groups,  one  giv' ing 
angles  of  extinction  relatively  to  the  sides  of  about  43°,  while  the 
other  gives  angles  of  about  38°.  If  the  bounding  faces  of  these  micro- 
lites were  the  base  and  brachypinacoid.  these  angles  would  indicate 
anorthite  and  calcic  labi-adorite.  On  closer  examination  I  found  that 
a  fair  proportion  of  these  little  ciystals  showed  truncation  of  two 
corners  and  that  a  smaller  portion  were  twinned,  the  plane  of  contact, 
however,  running  diagonall}^  across  the  squares.     It  is  thus  evident 
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tliiit  tlic  hounding  faces  of  the  .square  microlites  in  this  rock  are  the 
hemidoines.  //  and  e  or  (021),  instead  of  the  base  and  brach^'pinacoid. 
Hence  the  determining-  angles  of  extinction  are  about  i^  and  -i^  and 
the  corresponding  feldspars  are  the  two  oligoclases,  AbgAnj  and 
AbjAnj.  This  result  is  confirmed  by  examination  of  the  long  sections 
of  the  microlites,  all  of  which  extinguish  at  extremely  small  angles. 
Not  having  hitherto  seen  microlites  bounded  bj^  hemidomal  faces 
alone,  1  was  particularly  careful  to  test  the  development  of  the  feld- 
spar microlites  in  the  andesites  and  basalts  described  in  this  paper,  but 
found  no  similar  cases  among  the  more  anorthitic  feldspars  of  these 
rocks.  So  far  as  I  know,  dacite  has  not  been  discovered  elsewhere  in 
the  archipelago,  but  it  occurs  in  the  Moluccas. 

Besides  basalt,  the  andesites,  and  dacite,  there  is  reason  to  suppose 
that  trachyte  and  rhyolite  occur  in  the  Philippines.  Baron  von  Rich- 
thofen  determined  as  trachyte  a  rock  which  is  found  in  contact  with 
the  nummulitic  limestones  on  the  peninsula  of  Binangonan,  and  Mr. 
von  Drasche  concurs  in  the  determination.  Among  Jagor's  specimens 
Roth  describes  a  white  pumice  containing  a  little  dark  mica  and  feld- 
spar which  seems  to  be  sanidine.  It  was  collected  between  the  villages 
of  Yriga  and  Buhi  in  the  Province  of  Camarines  Sur.  Mr.  von  Drasche 
describes  as  trachytic  a  tuff  which  occurs  over  most  of  the  western 
portion  of  the  inland  plain  of  Luzon  from  Mount  Arsiyat  westward  to 
the  watershed.  At  Porac,  in  Pampamga,  he  found  in  a  tuff'  fragments 
of  which  he  says:'  "The  rock  of  which  these  lumps  consist  is  an 
uncommonly  foam}^  pumice-like,  blindingly  white,  sanidine  trachyte. 
In  the  cavities  there  are  numerous  white,  large,  cracked  sanidines  and 
thick,  short,  columnar  hornblende  crystals."  Farther  westward  he 
found  thispumiceous  rock  passing  into  "sanidine-hornl)lende-trachyte, 
with  a  compact  groundniass  which  is  sometimes  white  and  sometimes 
brick  red."  At  the  Canan  hot  springs  in  O'Domiell,  Tarlac  Province, 
Mr.  Abella  found  dikes  of  a  very  pretty  sanidine-trachyte,  of  porphy- 
ritic  texture,  cutting  ancient-looking  slates.^  At  Galiano  (Union)  Mr. 
von  Drasche  found  a  trachyte  tuff  which  was  microscopically  exam- 
ined.'' ''In  a  powdery,  brown  groundniass  lie  numerous  scraps  of 
dichroic  hornblende  and  rounded  feldspar  grains.  Both  ingredients 
are  fairly  fresh.  The  feldspars  seem  to  l)e  of  two  kinds,  one  ortho- 
clastic  and  the  other  plagioclastic."  Mr.  Semper's  specimen  from 
Magalang,  which  Mr.  Oebbeke  determined  as  hornblende-and(>site, 
certaiidy  came  from  the  area  regarded  by  Mr.  von  Drasche  as  trachytic 
tuff.  It  nuist  also  have  resembl(>d  the  Porac  specimen  strongly  in 
external  appearance.  Mr.  von  Drasche's  description  of  the  Galiano 
specinuMi  seems  to  leave  it  open  to  question  whether  it  is  a  potash 
rock,  while  Mr.  Abella  denies  that  it  is  a  tuff  at  all,  pronouncing  it  a 
sedimentary  rock  derived  from  the  degradation  of  an  adjoining  diorite 


'  Manantiales,  1893,  p.  144.  'Fmgmente, 
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area/  Without  further  stud}^  this  rock  can  scarcel}^  be  accepted  as 
trachyte.  Of  the  trachyte  in  the  Binangonan  area  I  find  no  litholog- 
ical  description,  and  Roth,  judging-  from  Jagor's  specimens,  thought 
the  occurrence  dubious.  Mr.  Semper's  collections  seem  to  have  con- 
tained no  trachyte.  Mr.  Abella  describes  a  single  trachyte  from 
Pana}'  at  Barbaza.  Province  of  Antique,  which  he  inclines  to  regard 
as  an  accidental  local  facies.  "In  a  decomposed  and  completely 
amorphous  magma  [devitrified  glass  ?]  together  with  granules  of  augite, 
there  are  to  be  seen  in  this  rock  feldspars  which  show  most  clearly 
Carlsbad  twinning,  and  although  there  are  also  visible  some  plagio- 
clases,  they  are  less  abundant  and  not  so  characteristic  as  the  ortho- 
clases."  This  passage  reads  as  if  Mr.  Abella  depended  upon  Carlsbad 
twinning  to  differentiate  orthodase,  but  he  ma}^,  of  course,  have 
employed  some  other  and  really  applical)le  tcst.'^ 

Mr.  von  Drasche  found  rhyolites  in  the  Province  of  Bontoc  (Luzon). 
Of  such  an  occurrence  he  writes :-^  ''It  is  a  hard,  white  rock  with 
splintery  fracture.  In  the  dense  groundmass  are  visible  sanidines  with 
glassy  luster,  and  gra}'.  opaque  feldspar  prisms,  quartz  in  formless 
grains,  and  small  augites,  certainl}^  a  rare  combination  of  minerals. 
Under  the  microscope  the  groundmass  resolves  itself  into  a  confused 
mass  of  crystals,  in  part  colorless,  in  part  brown,  the  latter  being  per- 
haps augite  (?).  Those  gray  feldspars  consist  of  the  same  mixture, 
very  strange  to  say,  and  are  separated  from  the  rest  of  the  groundmass 
by  a  dark  border.  There  are  few  augites;  magnetite  occurs  in  very 
pretty  crystals.  All  the  phenocrysts  are  rendered  very  impure  by 
groundmass  and  contain  nunierous  glass  pores."  It  is  not  impossible 
that  hai'd.  white,  splintery  dacite,  such  as  I  collected  in  Corregidor, 
may  sometimes  have  been  mistaken  for  rhyolite,  while  it  seems  highly 
improbable  that  Corregidor  should  be  th(>  only  point  on  the  line  of  the 
Sierra  Zambales  at  which  dacite  exists. 

The  basalts  and  andesites  of  our  Asiatic  province  might  have  come 
from  Alaska  or  from  the  western  Cordilleras  of  North  America,  so  far 
as  their  composition  and  structure  are  concerned.,  There  is  the  same 
unexplained  adherence  of  the  feldspars  to  definite  types,  only  empha- 
sized by  cases  of  exceptional  composition.  There  is  the  same  general 
uniformity  in  the  groundmass  of  the  rocks,  accompanied  by  the  occur- 
rence of  numerous  exceptional  microlites  and  not  very  infrequent 
reversals  of  the  ordinary  rule  of  deposition,  according  to  which  the 
more  calcic  feldspars  are  precipitated  before  the  more  sodic  species. 
There  can  be  little  doubt  that  detailed  field  study  in  the  Philippines 
will  reveal  most  of  those  variable  associations  of  massive  rocks  which 
of  late  years  have  claimed  so  large  a  share  of  the  attention  of  litholo- 
gists.  The  principles  which  underlie  rock  formation  are  clearh^ 
worldwide,  and  I  do  not  doubt  that  they  extend  to  other  planets. 

1  Terremotos  en  Luz6n  durante  1892,  1893,  p.  33. 
=  Isla  de  Fanny,  1890,  p.  103.  ^  Fragmente.  p.  39. 
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Biuiscii  showed  that  magmas,  so  fai"  as  the}''  are  homogeneous  liquids, 
are  to  I)o  regarded  as  solutions.  Considerable  latitude,  however,  is 
permissible  in  defining  that  portion  of  such  a  magma  which  is  to  l)e 
regarded  as  the  solvent.  The  simplest  relations  appear  to  me  to  result 
when  the  eutectic  mixture  of  the  substances  involved  is  considered  as 
the  solvent.  This  mixture  is  detinite  and,  at  anv  given  pressure,  has  a 
constant  composition,  inalterable  by  partial  solidification.  At  temper- 
atures above  its  point  of  solidification  a  eutectic  mixture  is  capa))le  of 
dissolving  a  greater  or  smaller  excess  of  any  of  its  constituents,  so 
that  with  a  single  given  eutectic  solvent,  solutions  of  variable  compo- 
sition may  be  produced  in  infinite  variety.  For  instance,  there  is  a 
well-known  and  technically  important  eutectic  mixture  of  lead  and 
silver  which,  when  superheated,  will  dissolve  further  quantities  of 
either  lead  or  silver  and  may  serve  as  the  base  for  an  endless  variety 
of  alloys.  If  we  knew  all  about  magmas,  it  seems  fairly  certain  that 
we  could  define  a  luimber  of  eutectic  mixtures,  each,  when  heated 
al)ove  its  melting  point,  yielding  an  infinite  variety  of  solutions  corre- 
sponding to  rocks  of  an  infinite  variety  of  compositions.  Thus,  if  a 
labradorite-basalt  is  conceived  as  a  eutectic  mixture,  capable  at  suffi- 
ciently high  temperatures  of  dissolving  more  feldspar  and  olivine,  it  is 
easily  conceivable  that  rocks  of  this  class  should  be  found  containing 
many  large  feldspars  or  no  feldspathic  phenocr3'sts,  much  olivine  or 
none  at  all,  while  the  groundmass,  representing  the  eutectic  mixture, 
would  maintain  a  nearly  uniform  composition  and  character,  inde- 
pendent of  the  phenocrystic  composition. 

From  this  point  of  view  the  groundmass  of  rocks  would  be  more 
interesting  and  important  than  the  phenocrysts,  while  it  has  usually 
been  studied  with  less  care,  because  of  the  greater  difficulties  in  the 
wav  of  mineralogical  determination.  The  groundmass  would  either 
consist  sul)sfantially  of  the  eutectic  mixture  or  afford  a  closer  approx- 
imation to  it  than  does  the  whole  rock. 

It  is  difficult  to  imagine  that  the  comi)aratively  small  numl)er  of 
elements  which  enter  largely  into  the  composition  of  massive  porphy- 
ritic  rocks  should  form  an}^  very  great  number  of  independent  eutectic 
mixtures;  and  it  seems  to  me  that  it  would  be  possible  to  elaborate 
a  eutectic  classification  of  those  rocks  which  have  consolidated  from 
the  licpiid  state — I  mean  the  porphyries — each  rock  group  representing 
a  series  of  solutions  in  one  eutectic  licjuid.  Such  a  classification  would 
also  have  certain  geological  advantages  over  others,  for  th(>  compo- 
sition (»f  the  groundmass  of  rocks  largely  determines  their  orogenic 
signiticance.  The  capacity  of  a  magma  to  How  during  injection  or 
after  ejection  depends  chiefly  on  the  viscosity  and  the  latent  heat  of 
the  groundma.ss  or,  approximately  and  in  the  most  iin])()rtant  class 
of  cases,  on  the  properties  of  the  eutectic  solvent.     Connnonly  the 


520  GEOLOGY    OF    THE    PHILIPPINE    ISLANDS. 

phenociysts  are  mere  flotsam  in  the  stream  of  liquid  rock,  and  do  not 
seriousl}^  interfere  with  its  capacity  to  flow. 

Even  among  the  rocks  which  represent  solidified  fluids  there  is  a 
class  not  subject  to  such  a  classification  as  is  here  proposed.  It  seems 
an  inevitable  conclusion  from  the  laws  of  precipitation  that  there  must 
be  many  rocks  which  have  been  formed  b3'  fractional  crystallization. 
There  is  no  difliculty  in  seeing  how  this  process  might  go  on,  but  the 
greatest  diificulty  in  comprehending  how  it  could  be  obviated  alto- 
gether. Especially  must  this  be  true  of  dikes  and  laccoliths,  where 
convection  currents  (incomparably  more  effective,  except  at  distances 
within  a  few  centimeters,  than  any  process  of  molecular  flow)  must 
feed  the  crusts  growing  on  the  containing-  walls  with  saturated  or  super- 
saturated solutions.'  Now,  such  fractional  precipitates  are  essentially 
impure.  Either  in  nature  or  in  the  laboratory,  the}'  represent  neither 
the  substance  dissolved  nor  the  solvent  or  mother  liquor,  but  only 
fortuitous  mixtures  of  the  two — ciystals  of  precipitate,  including  and 
entangling  variable  quantities  of  mother  liquor;  crusts,  which  vary  in 
composition  from  itiillimeter  to  millimeter.  Rocks  of  such  origin 
appear  to  me  insusceptible  of  anj'  strict  classification  and  fit  only  to 
throw  a  dim  light  on  the  qualitative  composition  of  the  magma,  which 
they  represent,  indeed,  but  only  partially  and  irregularly.  Were  a 
eutectic  classification  worked  out,  it  would  probably  be  easy  to  recog- 
nize these  impure  partial  precipitates,  which  would  then  receive  the 
scant  attention  they  deserve.  It  is  hoped  that  the  laboratories  of  the 
United  States  Geological  Survey  will  be  able  to  throw  some  light  upon 
rocks  of  eutectic  composition  witliin  a  moderate  time. 


NOTE   OX  THE   DISTRIBUTION  OF  THE  VOIjCANIC   K0CKS.» 

Anything  like  a  comprehensive  description  of  the  distribution  of 
volcanic  rocks  in  the  Philippine  Islands  is  as  yet  quite  impossible. 
The  interior  of  northern  Luzon  is  little  known,  but  is  supposed  to  con- 
sist mainly  of  ciystalline  schists,  broken  through  at  some  points  by 
intrusives  and  volcanics;  and  a  similar  statement  is  true  of  the  east- 
ern range  of  Luzon,  the  Sierra  Madre,  as  far  south  as  the  Province 
of  Principe.  Crystalline  schists  appear  again  in  Camarines  Norte. 
But  to  the  north,  the  west,  and  the  south  of  this  ai-ea  volcanic  rocks 
are  abundant.  The  southern  portion  of  the  Zambales  Range  and  the 
greater  part  of  the  territory  between  the  Bay  of  Manila  and  the  Strait 
of  San  Bernardino  are  occupied  by  volcanic  rock.  In  the  Visayas 
volcanic  rocks  are  not  rare,  but  Negros  only  is  remarkable  in  this 
respect.     Nearly  the  whole  of  the  range,  which  extends  from  one  end 

1  Am.  Jour.  Sci.,  4th  series,  Vol.  IV,  1897,  p.  257. 

1  already  given  in  the  preceding  sertion  are  omitted  iTi  this  note. 
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to  till"  otluM-  of  tliiit  exquisite  island,  is  volcanic.  According  to  Sem- 
per, all  of  the  larger  Visayas  show  extinct  volcanic  cones  except  Celm 
and  Bohol.  Of  Mindanao  it  is  known  that  there  are  crystalline  schists 
along  the  eastern  coast  and  Macajalar  Bay  on  the  north  coast,  but  the 
island  contains  at  least  three  acti\e  volcanoes,  not  to  speak  of  the  more 
numerous  extinct  ones.  Finally,  much  of  the  Jolo  group  is  volcanic, 
and  Palawan  is  known  to  contain  volcanic  peaks.  Thus,  while  it  is  by 
no  means  true,  as  has  sometimes  been  alleged,  that  the  archipelago  is 
of  volcanic  origin,  volcanic  areas  are  distributed  at  short  distances 
from  the  Batanes  tf)  Tawi-Tawi. 

The  rocks  which  have  been  more  or  less  inadequately  determined  as 
trachyte  are  of  limited  distribution.  One  doubtful  specimen  comes 
from  Panay,  at  Barbaza,  in  the  Province  of  Antique;  the  remainder 
are  all  from  Luzon.  In  that  island,  near  the  southern  end,  in  Caraa- 
rines  Sur,  between  the  villages  Yriga  and  Buhi,  a  pumice-like  tuff  was 
considered  trachytic-  by  Roth.  Mr.  vOn  Drasche  found  the  rock  at  the 
base  of  Maquiling,  not  far  to  the  southward  of  the  town  of  Calamba,  on 
Laguna  de  Bai,  which  he  regarded  as  trachyte.  Baron  von  Richthofen 
discovered  trachyte  on  the  peninsula  of  Binangonan,  on  the  north  side 
of  the  same  lake;  and  Mr.  von  Drasche,  on  his  map.  colors  the  western 
half  of  the  peninsula  as  trachyte.  On  that  shore  I  collected  Ijasalt, 
but  was  obliged  to  remain  under  cover  of  the  guns  of  the  Najjinddn 
and  could  not  get  inland.  The  trach^^tes  recur  on  the  San  Mateo 
River,  near  the  caves  about  5  miles  above  the  town  of  San  Mateo,  in 
Manila  Province.  Mr.  von  Drasche  found  a  large  area  of  trachyte 
farther  north.  He  encountei-ed  this  rock  at  Porac  in  the  I'ampanga, 
and  to  the  westward  of  that  town  in  the  foothills  of  the  C'ordillera  de 
Mabanga;  again  close  to  O'Donnell  in  Tai-lac,  and  once  more  in  the 
Province  of  Pangasinan,  among  the  foothills  of  the  Sierra  de  Zamba- 
les,  not  far  from  the  town  of  Aguilar.  He  summarizes  his  observa- 
tions thus:  ''On  the  eastern  slope  of  the  southern  half  of  the  Sierra 
there  are  superposed  on  these  rocks  [gabbros  and  dioi'itesj  thick 
masses  of  trachytic  tuff,  which  include  numei'ous  fragments  of  tra- 
chyte. These  tuffs  can  be  followed  to  the  watershed  at  an  altitude  of 
H.OOO  feet,  and  on  the  east  stand  in  close  relationshii)  w  ith  the  plain 
of  Pampanga,  the  surface  of  which  consists  principally  of  their  decom- 
position products.  The  crystalline  rocks  nuist  be  pierced  by  luuner- 
ous  intrusions  of  trachyte,  for  one  finds  great  quantities  of  such  rock 
species  in  all  accunndations  of  pebbles  derived  from  the  Sierra." 

In  the  provinces  of  Lepanto  and  Bontoc  also  Mr.  von  Drasche  found 
trachytes  abundant,  ])ut  closely  associated  with  andesites  and  l)asaltic 
rocks.  'I'he  imjjortant  copper  deposits  of  Mancayan  occur,  he  says, 
in  a  (juartz  lens  embedded  in  sanidin(>-ti-achyte. 

Mr.  .Vbella  recognizes  the  very  gentMal  distribution  of  trachytes  in 
the  (Vn-dillera  Cential  and  the  mountains  east  of  tlH>  great   plain  of 
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Luzon,  but  th<>  only  precise  locality  1  find  mentioned  is  at  Canan,  on 
a  tributaiT  of  the  Patlin  River,  about  2  miles  to  the  westward  of 
O'Donnell,  in  Tilrlac  Province.  Here  dikes  of  porphyritic  sanidine- 
trachyte  make  their  appearance  "on  the  one  side  in  the  slopes  of  the 
hills  Maranglii  and  Cospien,  and  on  the  other  between  the  town  and 
the  river  Capatian,  forming  the  volcanic  line  of  the  hills  Dayagdag, 
Taoagan,  and  Patlin."'  I  am  not  in  possession  of  maps  showing  these 
hills  l)y  name,  but  they  will  doul)tless  be  identitiod  with  ease  from 
O'DonlieJl. 

Mr.  von  Drasche  also  found  rhyolites,  or,  as  he  calls  them,  quartz- 
trachytes,  in  these  northern  provinces.  He  met  with  this  rock  a  short 
distance  to  the  northwest  of  Mancayan.  the  central  town  of  the  copper 
district  in  the  Province  of  Lepanto.  The  rhyolite  lay  in  blocks  along 
the  Abra  River.  On  the  road  from  Sabangan  to  Bontoc,  capital  of 
the  province  of  the  same  name,  he  also  found  rhyolite,  which,  in  this 
district,  appears  to  occup3'  an  important  area. 

Basalts  and  andesites  seem  to  be  closely  associated  in  the  Philippines, 
as  they  so  frequently  are  elsewhere,  but  the  quantity  of  pyroxene- 
andesite  prol)ably  far  exceeds  that  of  any  other  volcanic  rock  in  the 
archipelago.  Most  of  the  notes  on  these  rocks  refer  to  isolated  locali- 
ties or  volcanic  cones,  and  they  can  not  be  delimited  areally  until  a 
geological  survey  of  the  islands  is  made.  Some  of  these  notes  will  be 
reserved  for  the  remarks  on  volcanoes,  which  will  claim  attention  pres- 
entl3\  The  Island  of  Talim,  in  Laguna  de  Bai,  is  basalt,  and  much  of 
the  shores  of  the  lake  is  also  basaltic.  The  Mariveles  district,  forming 
the  north  headland  of  Manila  Bay.  was  pronounced  basalt  by  Roth  on 
the  strength  of  Jagor's  specimens,  and  this  determination  was  accepted 
by  Mr.  von  Drasche,  who  did  not  visit  the  locality.  I  suspect  that 
some  of  Jagor's  labels  were  displaced,  for  my  personal  examinations 
and  Mr.  Semper's  specimens  show  that  the  region  is  andesitic,  the 
pyroxenic  variety  predominating. 

The  chain  of  extinct  and  active  volcanoes  which  stretches  from 
Laguna  de  Bai  to  the  extreme  southeastern  point  of  Luzon  appears 
to  be  mainly  andesitic,  but  not  devoid  of  basalts.  In  his  interesting 
study  of  Panay  Mr.  Abella  finds  that  the  mountain  system,  the  skel- 
eton of  the  island,  is  composed  largely  of  massive  rocks  of  two  eras. 
The  older  is  characterized  by  diorites  and  diabases,  the  younger  by 
andesites  and  basalts.  This  later  period  may  be  regarded  lithologically 
as  a  repetition  of  the  earlier  one.  In  the  Samaraquil  Peak  of  Anini-y, 
at  the  southwestern  extremity  of  the  island,  Mr.  Abella  found  nepheline- 
leucite-basalts.  He  considers  the  basalts  as  generally  younger  than 
the  andesites. 

In  Negros  a  magniticent  range  extends  from  near  the  northern  end 
of  the  island  to  the  active  peak  of  Canlaon.     At  the  first  glance  this 

1  Manantiales,  1893,  pp.  18,  19,  144. 
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range  resolves  itself  into  three  mountains  of  most  unusual  similarity, 
and  there  can  be  no  substantial  doubt  that  the  two  more  nortlicrn 
masses  are  extinct  volcanoes  of  the  same  type  as  Canlaon.  I  was  uiial)le 
to  reach. the  main  range.  >)ut  the  streams  on  both  coasts  bring  down 
such  a  mass  of  pyroxene  and  hornblende-andesite  as  to  indicate  that 
these  are  the  principal  rocks.  In  the  eastern  foothills,  on  the  Talal)e 
River,  I  found  basalt  in  place  which  seemed  to  be  older  than  a  portion 
of  the  coral  reefs,  and  is  ceitainly  older  than  the  later  ejecta  of  Can- 
laoji.  To  the  southward  of  the  volcano  the  range  is  lower  and  less 
striking  than  to  the  northward,  but  at  the  southern  end  of  the  island 
the  Dumaguete  Peaks,  or  Cuernos  de  Negros,  again  rise  to  an  altitude 
of  several  thousand  feet.  In  this  region,  near -Dumaguete  and  Valen- 
cia, Tanjay  and  Bais,  I  saw  only  andesite  rocks. 

In  Ce})u  most  of  the  country  is  covered  with  a  blanket  of  coral,  but 
where  the  streams  have  cut  through  this  Mr.  Abella  found  some 
decomposed  andesites.  I,  too,  found  on  the  river  al)ove  Naga,  al)out 
2  miles  from  the  town,  a  considerable  sheet  of  hornblende-pyroxene- 
andesite. 

In  the  Island  of  Leyte,  at  Mount  Dagami,  according  to  Roth,  Jagor 
collected  fresh  hornblende-andesite.  Dagami  is  the  name  of  a  town  in 
northeastern  Leyte  which  Jagor  visited,  but  he  probabl}^  collected  his 
specimen  on  Mount  Manacagan,  as  he  calls  it,  a  few  miles  south  of 
Buniuen.  He  speaks  of  the  rock  of  this  mountain  as  "a  very  horn- 
blendic  trachyte."*  On  the  Island  of  Limasau,  just  south  of  Leyte, 
Mr.  Semper  found  hornblende-andesite,  and  Mr.  Renai'd  has  dctemiined 
the  rocks  of  Camiguin  de  Mindanao  as  pyroxene  and  hornblendo- 
andesitcs. 

In  Mindanao,  the  great  Apo  Volcano,  according  to  Mr.  Joseph 
Montano,''  is  andesite.  He  also  found  andesite  north  of  Lake  Dagum 
on  Mount  Bunauan.  This  locality  is  in  the  valley  of  the  Agusan,  in 
eastern  Mindanao.  In  nuich  the  same  region  he  found  andesites  at 
tlie  western  foot  of  the  coast  range,  on  the  river  Miaga.  A  few  miles 
upstream  fi-oni  Butuan,  at  the  mouth  of  the  Agusan,  he  found  decom- 
posed (l()l(>rite.  Mr.  Semper  also  collected  augite-andesites  from  scv- 
eial  points  along  the  Agusan.  as  well  as  close  to  Zamboanga.  at  the 
soutii\v(>st  extremity  of  Mindanao.  Basalts  this  naturalist  found  near 
Isabela,  on  Basilan,  and  on  the  neighboring  islet  of  Lampinigan. 
J.  Itier''  states  that  from  Mount  Pico,  in  the  center  of  Basilan,  basaltic 
ridges,  not  over  500  meters  in  height,  run  E.  and  WNW. 

Near  Jolo,  on  the  island  of  the  same  name,  I  found  basalt.  This 
island  is  mentioned  by  Mr.  Koto*  also  as  basaltic,  as  are  the  Calamianes. 


1  .lagor's  Reisen,  1873,  p.  221. 

•-  Hup.  sur  une  mission  aux  lies  Philippines,  ls7i>-lS81,  p.  287. 

»  niwrip.  dcs  lies  Solo:  Bull.  Soc. giT-og.,  Piiris,  :i(l  series,  Vol.  V,  184t;,  pj 

» (tool,  structure  Malayan  arch. :  Jour.  Coll.  Sci.  Tokyo,  Vol.  XI,  1899,  p 
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Vast  quantities  of  pyroclastic  tuffs  and  volcanic  sediments  accompany 
the  more  solid  Hows  almost  eveiy  where  in  the  Philippines.  They  are 
especialh-  abundant  in  the  great  central  plain  of  Luzon,  and  seem  to 
stretch  in  an  almost  unbroken,  nearly  flat  area  from  near  Linga^yen 
Gulf  southward  past  Manila,  past  Taal  to  the  seacoast  of  Bataugas. 
Air.  von  Drasche  regards  these  tuffs  as  trachytic  from  the  north  coast 
of  Manila  Bay  northward,  and  as  doleritic  to  the  southward,  but  Mr. 
Oebbeke  shows  that  some  of  the  northern  tuff  is  andesitic.  In  the 
more  soiitherh^  area,  along  the  Pasig,  I  am  confident  that  andesitic  tuff 
is  abundant.  Unfortunately  my  specimens  are  lost.  On  the  other 
hand,  much  of  the  basaltic  rock  of  the  Laguna  de  Bai  region  is  tuffa- 
ceous.  In  a  large  proportion  of  cases  the  tuff'  is  so  decomposed  that 
a  determination  of  its  original  lithological  character  would  be  very 
ditiicult.  There  can  be  no  question  that  this  tuff  area  has  been  laid 
down  in  water.  So  uniform  a  distribution  and  such  flat  surfaces 
could  not  have  been  attained  under  subaerial  conditions.  Evidence  of 
aqueous  rearrangement  of  material  is  frequently  visible,  and  plant 
remains,  or  even  traces  of  lignite  in  minute  seams,  are  not  rare.'  The 
light  scoriaceous  material  of  which  the  tuffs  are  composed  may,  as  is 
well  known,  be  carried  to  almost  indefinite  distances  by  river  or 
oceanic  currents.^  There  is  no  doubt  that  since  the  close  of  the  Ter- 
tiary the  sea  has  flowed  freely  from  Tayabas  Gulf  to  Lingay^n  Gulf, 
and  such  a  channel  must  have  been  traversed  by  currents  sufficiently 
strong  to  account  for  the  wide  distribution  of  the  tuff.  Father  Zuniga 
seems  to  have  been  the  first  to  see  in  ancient  eruptions  of  Taal  the  ori- 
gin of  the  greater  part  of  the  material  forming  the  southerly  tuff'  area. 
He  has  been  substantially  followed  by  all  who  have  expressed  their 
opinion  on  this  subject;  but  Mr.  Abella  points  out  that  all  the  volcanic 
vents  from  ArAydt  to  Banajao  must  haxe  contributed  material  to 
this  accumulation,^  in  which  opinion  I  entirely  agree  with  him. 

The  volcanic  rocks  of  the  Sunda  Islands  and  the  Banda  Islands  are 
seemingly  in  all  respects  similar  to  those  of  the  Philippines.  In  the 
Dutch  and  English  possessions  in  the  Far  East  there  is  the  same  pre- 
ponderance of  pyroxene-andesite  accompanied  by  hornblende-andes- 
ites  and  basalts.  Leucite  rocks,  rare  in  Asia,  occur  on  the  small 
Island  of  Bawean,  to  the  south  of  Borneo,  and  in  eastern  Java,  as  well 
as  in  Pana}',*  and  dacite  accompanies  andesites  in  the  islands  of  the 
Uliasser  group,'  while  trachyte  seems  to  be  rare.  The  similarity 
extends  beyond  specific  names.     Mr.  Oebbeke"  made  direct  compar- 

1  Dana  obtained  many  specimens  of  plants  from  the  tuft,  mostly  palms,  seemingly  of  recent  species. 
No  vertebrate  remains  have  been  detected  so  far  as  I  have  been  informed,  though  the  Spanish  geolo- 
gists have  been  on  the  watch  for  them. 

2Sir  A.  Geikie  notes  that  at  one  eruption  of  Sakurajima  (Japan)  it  was  possible  to  walk  a  distance  of 
23  miles  on  the  pumiceou.s  material  iJoating  in  the  sea.    Text-book  of  Geol.,  1893,  p.  215. 

■'  El  monte  Maqullin,  18a^,  p.  24. 

••Kotb,  loc.cit.,p.88. 

t^K.  Martin,  Reisen  in  den  Molukken, geol.  Theil,  1898,  p.  219, 

•i Keues  Jahrbuch  Beil.-Band  1, 1881,  p.  488. 
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isons  between  the  Semper  collection  and  the  specimens  in  Professor 
Rosenbusch's  cabinet  from  other  parts  of  Malaysia.  He  concludes  that 
"  there  is  scarcely  a  type  which  is  not  represented  on  all  the  islands 
alike."  Mr.  J.  L.  C.  Schroeder  van  der  Kolk  examined  Mr.  Martin's 
rock  specin)ens  from  the  ^Moluccas.  The  only  massive  rocks  weie 
granite,  peridotite,  dacite,  and  pyroxene-andesite.  The  dacites  are 
separated  into  two  groups,  one  being  highlv  pyroxenic  and  containing 
labradorite,  while  in  the  other  the  ferromagnesian  silicates  are  repre- 
sented by  biotite  and  the  feldspars  are  less  calcic.  Sanidine  enters 
into  the  second  group  of  dacites  in  varying  quantities,  and  there  seem 
to  be  transitions  to  rhyolite.^  The  dacite  of  Corregidor  is  akin  to  this 
second  group,  and  it  is  probable  that  other  of  van  der  Kolk's  types 
occur  in  the  Philippine  Islands. 


VOLCAXOES,  ACTIVE    AND   EXTINCT. 

A  considerable  luunber  of  mountains  in  the  Philippines  have  ejected 
ash  or  lava  recently,  or  since  the  occupation  of  the  country  by  the 
Spaniards.  Many  other  cones  are  plainly  volcanoes  of  no  ancient 
date,  and  concerning  some  of  these  it  is  doubtful  whether  or  not  they 
have  been  active  during  the  last  four  centuries.  The  accounts  of 
early  Spanish  writers,  chiefly  priests  who  were  intent  on  other  mat- 
ters, are  in  part  very  vague  and  ambiguous.  I  shall  endeavor  to 
collect  here  such  information  as  seems  important  concerning  all  the 
volcanoes  known  with  certainty  to  have  been  active,  and  also  the  avail- 
able data  as  to  the  principal  cones  which  are  clearly  extinct  or  doi-- 
mant  volcanoes.  The  latter  group  could  doubtless  be  increased  almost 
indefinitely.  At  the  close  of  this  section  (pp.  541-54ii)  appears  a  little 
tabular  statement  on  the  subject. 

Beginning  at  the  south,  there  is  at  the  southern  end  of  Mindanao  a 
group  of  volcanoes  none  of  which  is  known  to  have  ])een  in  eruption 
sinc(>  . January  4,  1(541.  On  that  date  there  was  a  disturbance  in  the 
Philippines  which  extended  far  and  wide.  It  has  been  discussed  at 
length  by  Perry  and  others,  l)ut  most  satisfactorily  by  Jagor."  The 
original  information  is  contained  in  a  report  to  Pedro,  archbishop  of 
Cebu,  printed  by  Raymundo  Magisa  in  Manila  in  1H41.  The  original 
is  exti-emely  rare.  It  is  reproduced  in  the  Ohms  Filosoficas  of  .1.  E. 
Niereml)ergius  and  in  Zufiiga's  Estadismo  de  las  Islas  Filipinas.  Thia 
last  I  have  seen.     It  is  alleged  that  three  outbursts  took  place  on  this 

iSammlungen  dca  geolo^schon  Reichs-Musemiis  in  boiden.  Vol.  V,  1896,  p.  70. 

•The  incident  wn.s  inve.stl(fnted  by  onler  and  conimisKion  of  the  archblsllop,  but  tbo  rrjiort  is  anony- 
moiix.  The  document  apiwars  among  Retana's  appendices  to  Zilfiiga's  work,  and  is  evidently  repro- 
duced Willi  ciiri'. 
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day  in  different  portions  of  the  archipelago,  accompanied  b}-  earth- 
quakes, which  were  also  felt  in  Cochin  China  and  Cambodia.  A  Span- 
ish squadron  was  off  the  south  coast  of  Mindanao  at  the  time  and  some 
of  the  ships  were  almost  overwhelmed  by  volcanic  ash.  These  ships, 
which  were  approaching  Cape  San  Agustin  from  Zamboanga,  were 
then  ''in  the  neigh))orhood  of  an  island  called  Sanguil,  on  which  the 
volcano  had  broken  out."  The  name  of  this  island  has  led  to  much 
confusion.  In  the  original  report  it  appears  as  Sanguil,  while  Nierem- 
l)ergius  has  Sanguiz.  and  the  name  appears  in  various  other  forms  in 
literature,  some  of  which  are  probably  mere  misprints.  Perry  came  to 
th(>  conclusion  that  the  report  referred  to  the  Island  of  Sanguir.  one  of 
the  Celebes  group,  but  Semper  and  fJagor  ])elieve  the  volcano  to  have 
been  in  Mindanao.  Even  if  Sanguil  and  Sanguir  are  originally  the 
same  word,  the  identity  proves  nothing,  for  in  the  Philippine  Islands 
a  mnnl)er  of  geogi-ai)hical  names  are  repeated.  According  to  the  Guia 
OHcial,  the  Sanguil  language  is  still  one  of  those  spoken  in  the  Prov- 
ince of  Davao  (southern  Mindanao),  and  the  admirable  Compendio  de 
(ieografia  of  the  Jesuits  says  "the  Sanguils  inhabit  a  small  area  on  the 
southern  coast  of  Mindanao  near  Sarangani,"  which  is  one  of  the 
names  of  the  southernmost  cape  of  Mindanao.  On  the  ethnological 
map  of  the  Jesuits  this  area  is  shown.  Most  authorities  seem  of  the 
opinion  that  this  volcano  was  on  the  Sarangani  Peninsula,  in  spite  of  the 
express  statement  that  it  was  on  an  island.  On  the  Jesuit  map,  how- 
ever, as  well  as  upon  the  charts  of  the  Hydrographic  Office,  a  volcano 
is  marked  on  the  island  now  called  Balut.  oiu^  of  the  Sarangani  Islands. 
It  lies  in  latitude  .5'  :>o'  and  is  within  lo  miles  of  the  coast.  The  vol- 
cano is  said  to  be  now  e.xtinct.  When  this  island  is  visited  it  will  be 
worth  while  to  observe  whether  conditions  indicate  an  eruption  of  con- 
siderable violence  within  two  hundred  and  fifty  years.  On  the  penin- 
sula there  is  also  a  volcano  called  Sarangani  by  Jagor  and  Semper,  but 
Butulan  by  Centeno  and  others.  There  is  no  certain  record  of  an 
eruption  of  Butulan. 

The  second  eruption  of  January  4,  1(541,  is  described  as  occurring 
near  Jolo.  The  report  runs:  "And  although,  at  the  time,  the  dark- 
ness and  atmospheric  disturbance  were  so  great  that  the  people  of 
Jolo  could  not  perceive  whence  came  the  stuff  which  fell  from  heaven 
upon  them,  A-et  when  it  became  light  it  was  o))sei'ved  that  at  the  same 
time  Avhen  the  volcano  burst  forth  at  Sanguil,  Mindanao,  the  elements 
there  also  had  become  excited,  and  that  a  second  volcano  had  opened 
on  a  small  island  which  lies  opposite  the  bar  of  the  chief  river  of  Jolo, 
where  lies  our  militar}^  station.  The  crater  of  this  volcano  is  still 
open,"  Semper  and  Jagoi-  ai-e  of  the  opinion  that  such  an  eruption 
really  took  place,  but  no  further  outbreak  is  known  to  have  occurred 
there,  and  the  remains  of  the  crater  have  not  been  described  of  late 
years,  so  far  as  I  know. 
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The  third  (>riiption  on  the  saino  January -t  took  place  from  what  was 
called  "'^a  watoi-  volcano"  by  the  archbishop's  agent.  The  description 
makes  it  clear  that  by  this  term  he  had  no  intention  of  indicating  ther- 
mal phenomena,  but  merely  an  outburst  of  water  accompanying  what 
he  himself  called  a  frightful  earthquake.  It  took  place  m  Luzon 
among  the  Igorrotes,  ''who  relatively  to  the  Ilocos  live  five  days' 
journey  eastward  and  inland."  Three  hills  and  several  villages  are 
said  to  have  been  thrown  into  the  air  in  fragments  and  utterly  annihi- 
lated. This  locality  has  been  regarded  as  Mount  San  Tomas,  or 
Tonglon,  some  15  miles  from  Aringay,  in  Union  Province.  This 
identification  does  not  appear  accordant  with  the  original  description, 
and  how  it  was  reached  I  have  not  succeeded  in  ascertaining.^ 

A  group  of  volcanic  cones  exists  a  little  to  the  northward  of  the  Bay 
of  Sarangani.  They  are  extinct  or  dormant,  so  far  as  is  known. 
Indeed,  excepting  their  position,  which  is  doubtless  onl}^  approximate, 
I  know  nothing  of  them.  Their  names  are  Magolo,  Matutum,  and 
Malibato.  Of  these  the  first  is  entitled  a  volcano  on  the  map  of  Min- 
danao in  the  Compendio  de  Geograf  la,  and  the  second  is  similarly  des- 
ignated on  Montano's  map.  Matutum  is  said  to  be  visible  from  the 
sea  at  a  great  distance. 

Mount  Apo  is  the  highest  mountain  in  the  Philippine  Islands.  It 
was  ascended  in  1880  by  Mr.  Montano^  and  Governor  Joaquin  Rajal, 
who  found  the  altitude  3,U3  meters,  or  10,311  feet,  and  in  1882  by 
Messrs.  A.  Schadenberg  iind  O.  Koch,^  who  determined  the  heiglit  at 
3,280  meters,  equal  to  10,T()1  feet.  Mr.  Velain  determined  Mr.  ]Mon- 
tano's  specimens  as  andesite.  The  latter  describes  the  mounfciin  as  in 
the  solfataric  stage,  the  cone  being  covered  from  about  the  7,500-foot 
contour  to  the  sununit  by  a  mantle  of  sulphur.  An  enormous  cre- 
vasse opened  in  the  fiank  of  the  mountain  emits  jets  of  sulphurous 
acid,  which  escape  with  a  strident  roar.  According  to  the  Guia 
Oticial,  th(^  summit  cotisists  of  three  peaks,  of  which  the  present  crater 
forms  the  most  southwesterly.  There  is  a  lake  on  the  ridge  from 
which  issues  a  cold  stream,  while  another  ravine  carries  hot  water. 
Though  Apo  is  well  known  to  be  active,  there  is  said  to  l)e  no  record 
of  its  eruptions.  It  is  sometimes  called  Davao,  from  the  name  of  the 
gulf  near  which  it  lies.    This  gulf  on  old  charts  appears  as  Tagloc  Bay, 

'Snn  Tomfts  is  not  volcanic.  Mr.  von  DniNclic  snys  of  it  (Frngmentc,  page  30):  "It  is  usunlly 
considered  an  extinct  volcano,  because  a  passage  in  a  report  on  the  simultancou.s  eruption  of  three 
volcanoes  in  January,  KHl,  points  to  it.  Jagor  gives  a  literal  translation  of  this  document,  from 
which,  however,  it  appears  that  (1)  this  outburst  <Nin  be  referred  to  any  possible  mountain  in  north- 
west Luz6ii,  and  (2)  nothing  whatever  is  said  of  a  true  eruption.  The  pertinent  passage  rcods,"  etc. 
In  the  Simnish  translation  Mr.  von  Drasche'.-*  statement  is  represented  by  this  phraseology:  "  Being 
in  reality  an  extinct  volcano,  as  is  established  by  the  following  account  which  .lagor  copies  from  a 
doctimeut  dated  in  January,  Ifrll,  and  referring  to  the  simultaneous  eruption  of  three  volcanoes  at 
that  date."  Mr.  Abclla,  supposing  the  Spanish  translation  to  be  correct,  comments  thus:  "If,  indeed, 
the  account  of  UVll,  which  Drasche  copies,  is  confused,  that  which  this  geologist  him.self  gives  of  the 
geological  character  of  Tongl6n  is  not  less  so."— Terrcinotos,  189S,  poge  30.  A  careless  translation  is 
an  unconscionable  thing  I 

2 Rap.  sur  une  mi.s.sion  aux  lies  Phil.,  p.  2,s7. 

3Citedl)y  K.  Blumentritt  in  Bull.  Soc.  acad.  iudo-cliiuoise  de  France,  1882-83. 
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Macaturiii  lies  ovei-  20  miles  to  the  northeastward  of  Pollok  Point, 
in  lllana  Bay.  Berghaus  called  this  mountain  lllano.  Semper  called 
it  Pollok  or  Sujut.  and  this  last  is  the  name  given  it  on  Jagor's  map. 
Centeno  alleges  that  this  volcano  has  "ejected  enormous  blocks  of  con- 
glomerates of  various  igneous  rocks,  like  those  which  are  to  be  seen 
to-da_v  in  the  port  of  Pollok,  distant  seven  leagues  fi'om  the  volcano.'' 
As  appears  from  Perry,  an  eruption  of  Macaturin  occurred  in  1765, 
and  the  Guia  Oficial  notes  eruptions  in  1856,  1865,  and  1871.  The 
last  was  preceded  by  earthquakes  which  destroyed  many  villages.  Mr. 
Centeno*  gives  on  his  map  a  volcano,  Cottabato,  just  south  of  the  Rio 
Grande  and  a  few  miles  from  the  town.  He  observed  many  conical 
hills  like  Cottabato  along  the  course  of  the  river,  but  was  prevented 
from  making  an  examination  of  it  or  any  of  them.  He  gives  no  record 
of  eruptions  or  of  other  details  concerning  this  mountain. 

One  of  the  most  interesting  of  Philippine  volcanoes  is  on  Camiguin, 
or,  more  specificallv,  Camiguin^  de  Mindanao,  for  there  is  another 
volcanic  islet  of  the  same  name  in  the  north.  This  one  is  close  to 
Mindanao  and  in  latitude  9°  12'.  According  to  "  information  from 
Manila,"  reported  by  Jagor,  this  island  up  to  1871  consisted  of  three 
ridges.  On  the  summit  of  one  of  them,  Catarman,  there  was  a  crater 
lake  the  water  level  of  which  was  subject  to  great  fluctuations.  Some- 
times it  dried  up  and  sometimes,  as  in  1827  and  1862,  it  overflowed. 
Often  it  was  agitated  by  evolutions  of  gas.  No  historical  eruption  had 
taken  place. ^ 

On  February  16,  1871,  according  to  Centeno,*  earthquakes  began  to 
be  felt  in  the  island,  which  increased  in  severity  until  April  30.  They 
then  ceased  suddenly,  and  a  volcano  appeared  400  yards  southwest  of 
the  village  of  Catarman.  At  3  p.  m.  a  thick  column  of  black  vapor 
rose,  with  a  strong  odor  of  sulphur.  It  quickly  became  incandescent 
and  set  the  woods  on  fire.  At  the  end  of  a  week  a  little  volcanic  cone 
2  meters  high  had  formed  and  "kept  pouring  lava  into  the  sea,  at  the 
same  time  gaining  in  height  and  width;  but  such  has  been  the  activity 
of  the  crater  that  now,  after  four  years  of  existence,  it  already  meas- 
ures some  1,500  feet  in  height  above  sea  level,  in  addition  to  which  it 
has  acquired  a  breadth  of  half  a  mile."  Roth  takes  his  information 
from  the  Spenersche  Zeitung,  1871,  No.  167.  "On  May  1,  at  5  p.  m., 
a  hill  above  the  village  of  Catarman  split,  with  heavy  shocks  and 
thunderous  noise.  Smoke,  ashes,  earth,  and  stones  were  thrown  out. 
The  crater  had  a  length  of  1,500  feet,  a  breadth  of  150  feet,  and  a  depth 
of  27  feet.  At  7  p.  m.  a  second  eruption  took  place.  No  mention  is 
made  of  a  lava  flow. "  The  fissure-like  shape  of  the  crater  here  described 
is  interesting  and  suggestive.     As  noted  above,   Centeno  reports  a 

'Memoria  geol.-min.  de  las  islas  Fil.,  1876. 

2  The  Compendio  de  Geografia  writes  this  Camiguing.    There  is  reason  to  suppose  that  the  Span- 
iards have  dropped  a  final  g  from  a  good  many  native  names. 
3 Jagor's  Reisen,  p.  328.  tlbid., p.  10. 
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stream  of  lava.  In  the  lllu.strated  London  News  of  October  7,  1871 
(Vol.  LIX,  p.  327),  there  is  a  sketch  of  this  volcano  by  Lieut.  F.  C.  P. 
Vereker,  but  the  editors  have  confounded  the  island  with  Caniiguin  de 
Bal)uvanes,  in  latitude  19^  10'.  The  cut  represents  the  island  as  cov- 
ered with  mountains  of  impossible  steepness  and  shows  the  eruption 
progressing  in  a  depression  near  the  foot  of  one  of  the  mountains. 

Camiguin  was  visited  by  the  Cludlemjer  expedition  in  1875.  It  is 
described  as  a  dome,  1,9.50  feet  in  height,  without  any  crater,  but  still 
smoking  and  incandescent  at  the  top.' 

On  the  Island  of  Negros  there  are  two  volcanic  vents.  One  of  these 
is  a  veiy  small  affair,  at  the  southern  end  of  the  island,  some  10  miles 
from  Dinnaguete,  on  the  southeastern  slope  of  the  Cuernos  de  Negros. 
It  is  called  Magaso.  I  was  told  in  Dumaguete  that  vapors  arise  from 
a  small  crater-like  vent,  and  that  there  are  cracks  in  the  hot  rock  in 
which  a  stick  will  inflame.  There  are  sulphur  deposits  and  strong 
sulphur  springs  at  its  base.  The  Cuernos  are  largely — so  far  as  I 
know,  wholly — andesitic.  The  volcano  of  Canlaon  is  in  the  central 
range  of  the  island,  of  which  it  forms  a  culminating  point.  It  lies  in 
latitude  lo"  21'  35".'^  The  upper  part  of  the  mountain  has  the  typical 
form  of  a  volcanic  cone,  but  this  portion  rests  upon  a  more  irregular 
mass,  which  forms  a  portion  of  the  range  stretching  northward  for 
some  30  miles.  The  Spanish  hydrographic  oflice  gives  the  elevation 
at  8,192^  feet,  so  that  it  would  rank  with  Datii,  and  be  exceeded  onl}' 
b}'  Halcon,  Apo,  and  Ma3'6n.  It  is  visible  from  near  Iloilo  and  can  be 
seen  even  from  vessels  cruising  on  the  eastern  side  of  Cebu.  From 
the  sea  on  the  western  side  of  this  island,  called  Tafion  Passage,  Can- 
laon is  a  very  impressive  spectacle,  for,  in  addition  to  the  picturesque 
form  of  the  cone,  steam  is  alwavs  pouring  out  from  at  least  two  vents 
at  the  summit.  No  violent  eruptions  are  remembered,  but  ash  has 
been  ejected  f  I'om  time  to  time.  The  last  considerable  ash  fall  occurred, 
as  I  was  informed  at  San  Carlos,  in  Jidy,  1893.  There  was  also  an 
eruption  in  I8(!tt.*  Andesite  is  the  prevailing  rock  of  this  region,  as 
shown  1)v  the  stream  pebbles,  and  I  suppose  Canlaon  andesitic.  On 
some  Spanish  maps  and  in  Jagor's  Travels  this  mountain  appears  under 
the  name  Malaspina. 

The  Island  of  Siquijor  is  sometimes  called  Fire  Island,  and  this  seems 
to  have  led  to  the  inference  that  thcM-e  was  a  volcano  upon  it.  Accord- 
ing to  Mr.  Semper,  this  inference  is  entirel}'  false.  There  are  neither 
craters  nor  hot  springs  upon  it.  He  is  of  the  opinion  that  the  spec- 
tacle of  the  natives  fishing  by  torchlight  at  night  led  the  eai-ly  Span- 
iards to  christen  the  island  Isla  de  Fuego. 


1  Voynge  of  H.  M.  S.  ChaUcmjer,  Narrative,  Vol.  1, 1885,  Part  II,  p.  aw, 

2  Dorrotoro  del  Arch.  Fil.,  by  Capt.  C.  <Ie  Anmn,  Madrid,  1,S79. 
'Bowdileh'.s  Navigator  and  British  Adinirnlty  clinrts. 

*  Meiulez  de  Vigo,  Hist.  geog.  geol.  y  estad..  Vol.  II,  1876,  p.  173. 
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According  to  Mr.  Semper,  extinct  volcanoes  exist  in  nearly  all  the 
islands.  Cebii  and  Bohol,  like  Siquijor,  show  none;  but  the}'  exist, 
he  says,  on  Le3'te,  Samar,  and  in  the  western  mountain  region  of  north- 
ern Mindanao,  while  in  the  high  range  of  Palawan  such  extinct  volca- 
noes raise  themselves  far  above  the  mean  crust  of  the  sierra  to  which 
they  belong.'  Same  of  the  peaks  are  said  to  be  more  than  2,000 
meters  (6,561  feet)  in  height.  In  the  Compendio  de  Geografia  mention 
is  made  of  a  volcano  named  Calayo  and  situated  in  Pulangui.  In 
another  passage  Pulangui  is  said  to  be  a  town  in  northeast  Paragua 
(or  Palawan).  As  I  have  met  with  no  reference  to  such  a  volcano  in 
the  eastern  islands,  or  to  any  other  town  of  this  name,  I  suppose  the 
volcano  to  be  in  northeast  Palawan.  According  to  Mr.  Mendez  de 
Vigo,^  there  are  two  mountains  on  the  Island  of  Dumaran,  close  to 
the  northeastern  end  of  Paragua,  which  often  emit  smoke  and  sulphur- 
ous fumes,  but  are  not  known  to  have  ejected  streams  of  lava.  They 
are  called  Alivancia  and  Talasiquin. 

The  charts  show  crater-like  depressions  at  the  southern  end  of 
Cagayan  Jolo,  one  of  them  broken  down  at  the  edge  and  admitting 
the  sea.  Capt.  Charles  S.  Perry,  U.  S.  N.,  who  landed  there  to  raise 
the  American  flag,  informs  me  that  these  are  unquestionably  craters, 
but  that  the}-  are  to  some  extent  covered  with  vegetation  and  can  not 
therefore  have  been  active  very  recently.  The}^  seem  first  to  have 
been  recognized  as  craters  by  Mr.  F.  H.  H.  Guillemard.' 

On  the  line  of  Palawan,  but  close  to  Borneo  and  to  the  south  of  the 
small  Island  of  Banguey,  an  islet  rose  from  the  sea  during  the  earth- 
quake of  1897,  according  to  Mr.  R.  M.  Little,*  but  the  rock  is 
described  as  grayish-white  sandstone,  and  no  indications  of  volcanic 
action  are  noted. 

In  the  Island  of  Leyte  there  are  two  volcanic  vents  in  the  solfa- 
taric  phase  from  which  nmch  sulphur  has  been  gathered.  They  lie  to 
the  southward  of  Burauen,  in  the  northeastern  portion  of  the  island, 
and  were  visited  by  Jagor.'^  The  more  southerly  is  called  Mount 
Danan.  The  other  is  called  the  crater  of  Kasiboi,  and  lies,  according 
to  Jagor,  on  a  mountain  named  Manacagan.  This  mountain,  on  Mr. 
d'Almonte's  map.  is  called  Himaiacagan.  Jagor  describes  the  rock  as 
"very  hornblendic  trachyte."  It  is  probably  the  rock  determined  by 
Roth  as  hornblendc-andesite.  Roth  probabh-  refers  to  Kasiboi  when 
he  states  that  the  outflow  of  the  solfatara  at  Dagami  (some  miles  north 
of  Burauen)  forms  a  brook  with  a  temperature  of  50°  R.  =  145°  F.* 
The  Guia  Oficial  mentions  a  volcano  at  Burauen  called  Caolangojan, 
which,  I  suppose,  is  another  name  for  one  of  those  just  referred  to. 

The  Island  of  Biliran  is  well  known  for  its  sulphur  deposits,  the  best 
in  the  archipelago.     The  sulphur  occurs  in  solfataras,  some  of  which 

1  Die  Phil.  u.  ihre  Bewoliner,  pp.  16, 31.  *  Geog.  .lour.,  1898,  p.  298. 

2Hist.geog.,geol.,y  estad..  Vol.  II,1876,p.23.  ^Rgisen,  1873,  p.220. 

3  Cruise  of  the  Mirchesa,  1889,  p.  176.  « Ibid., p.  354. 
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are  extremely  hot,  Mr.  Abella'  getting  temperatures  of  no  less  than 
115°  C,  which  would  show  that  the  water  is  a  strong  solution  of  some 
salts.  These  hot  springs  contain  pyrite  of  recent  formation  "pro- 
duced by  the  reducing  action  either  of  an  excess  of  sulphur  or  of  vege- 
table remains,  bi'ought  b}'  water  or  Avind,  on  the  iron  sulphate  which 
had  previousl}'  formed."'  Mr.  Abella  sa\'s  nothing  of  craters,  but  refers 
the  solfataras  to  still  existing  volcanic  action.  He  compares  fclie  phe- 
nomena on  Bilirjin  to  those  near  Burauen  in  Leyte  (writing  Buranen, 
however,  doubtless  by  mistake),  and  calls  attention  to  the  fact  that  the 
volcanic  range  continues  southward  through  Panaon  to  Surigao,  Min- 
danao, while  to  the  northward  it  is  connected  through  Maripipi  and 
other  small  volcanic  islands  with  Bulusan  on  Luzon.  Maripipi,  by 
the  way,  is  represented  by  Mr.  d'Almonte  as  a  conical  island,  almost 
i-ound.  al)out  3i  miles  in  diameter  and  3,000  feet  high.  Its  plan  is  very 
much  like  that  of  a  volcanic  cone.  The  chief  rock  of  Biliriin  is  described 
by  Mr.  Abella  as  containing  greenish  and  black  hornblende  and  pheno- 
crystic  feldspars  in  a  feldspathic  groundmass,  while  augite  and  mag- 
netic iron  are  sometimes  visible.  This  description  makes  it  substan- 
tially certain  that  the  rock  is  hornblende-andesite. 

In  Panay  a  few  warm  springs  seem  the  only  present  manifestations 
of  volcanic  activit}'.  There  is  a  peak  on  Mindoro,  the  elevation  of 
which  is  2,700  meters  (8,8.58  feet).  It  is  called  Halcon  or  Alcon,  but 
I  can  ascertain  nothing  further  about  it.^  Near  the  port  of  Galera, 
according  to  ^Vlendez  de  Vigo,  there  is  a  small,  very  deep  lake,  which 
smells  of  sulphui-  and  may  be  a  crater.'' 

The  southeastern  portion  of  Luzon  is  famous  for  its  volcanoes,  active 
and  extinct.  Of  these  the  most  southerly  is  Bulusan.  It  lies  on  the 
Strait  of  San  Bernadino,  and  Jagor  calls  attention  to  the  striking  simi- 
larity of  its  shape  to  that  of  Vesuvius.  According  to  the  Guia  Oticial  its 
hcMght  seems  comparalrle  with  that  of  Mayon.  "At  present  it  is  nearh' 
extinct,  t)ut  sometimes  emits  aqueous  and  sulphurous  vapors."  The 
Estado  (n>()gratico.  page  314,  states  that  it  began  steaming  in  1852, 
after  long  seeming  extinct. 

Mayon,  or  the  volcano  of  Albay,  is,  next  to  Taal,  the  most  famous 
Philippine  volcano.  It  is  possibly  the  most  symmetrically  beautiful 
volcanic  cone  in  the  world,  and  at  times  its  crater  is  almost  intinitesi- 
mal,  so  that  the  meridional  curve  of  the  cone  is  contiimous  almost  to 
the  axis.  The  height  has  been  variously  determined,  and  appears  to 
change  with  each  eruption.  Since  the  cratei*  always  remains  small  the 
height  should  tend  to  increase,  but  the  determinations  are  piobably 
not  sharp  enough  to  develop  this  tendency.  Jagor's  barometrical 
measurement  in  1859  was  2,374  meters.  The  Spanish  Hydrographic 
Commission,   according   to  Mr.    Abella,   gives   2,522   niPters.     Mr. 

1  La  Isla  <1c  BilirAn,  1885,  p.  10. 

s  Koto  s|H'aks  of  It  as  a  volcnno,  hut  without  citation;  Cool,  struct.  Malayan  arch.,  1899.  p.  119. 

'Hist.  geoK.,  geol.,  y  cstail. 
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d' Almonte's  map  of  1883  gives  2,527  meters.  Mr.  Abella  himself 
gives  2,734  meters,  but  he  did  not  reach  the  summit,  because  his  visit 
was  made  during  the  eruption  of  1881-82,  and  he  does  not  state  his 
means  of  determining  the  height.  Mr.  d' Almonte,  however,  made  a 
sketch  map  of  the  mountain  for  Mr.  Abella's  memoir,'  and  I  fancy 
that  he  measured  the  height  by  triangulation.  In  English  measure 
Mr.  Abella's  elevation  would  be  8,970  feet.  The  rock  of  Albay  is 
described  ])y  Roth  and  von  Drasche  as  dolcrite,  but  ]VIr.  Oebbeke 
regards  it  as  an  olivinitic  augite-andesite. 

Albay  has  had  a  vast  lunnber  of  eruptions.  Father  Coronas^  gives 
some  details  as  to  eruptions  in  1616,  1766,  1800,  ISli,  1827,  1835,  18i5, 
18i6, 1851, 1853, 1855, 1858, 1868, 1871, 1872, 1873,  1881, 1885, 1886-87, 
1888,  1890. 1891, 1892, 1893, 1895,  and  1896,  and  he  describes  the  erup- 
tion of  1897.  According  to  the  newspapers,  there  was  an  eruption 
early  in  1900.  Some  of  these  eruptions  have  been  very  serious.  In 
1814  about  1,200  lives  were  lost  (Jagor,  by  error  of  transcription,  says 
12,000),  and  the  country  was  covered  with  ash.  Many  picturesque 
details  may  be  read  in  Perry  or  elsewhere.  Of  more  permanent 
interest  than  the  destruction  of  life  and  property  is  the  character  of 
the  emanations.  Mr.  von  Drasche,  adopting  Stohr's^  hypothesis  of 
three  periods  in  the  life  of  a  volcano  (first,  that  of  lava  flows;  second, 
that  of  agglomerate  flows;  third,  eruptions  of  ash),  considers  May  on 
in  the  second  stage,  and  says  that  the  ash  eruptions  are  seldom  inter- 
rupted by  small  lava  flows  from  the  summit.  Mr.  Abella  states  from 
observation  that  the  ash  ejections  are  small  and  preliminary  to  exten- 
sive flows,  and  Father  Coronas  gives  a  map  of  the  flows  of  1897,  when 
lava  from  the  summit  poured  down  in  various  directions,  even  reach- 
ing the  sea  at  a  horizontal  distance  of  about  6  miles  from  the  crater. 
In  1897,  however,  there  was  much  ash  as  well  as  flowing  lava.  An  area 
of  about  4  square  degrees  was  covered  with  ash,  which,  nevertheless, 
formed  an  orogenically  insignificant  layer  at  points  considerably 
removed  from  the  foot  of  the  mountains.  At  Tabaco,  less  than  10 
miles  from  the  crater,  the  inhabitants  were  reasonably  in  fear  of 
smothering,  but  the  ash  which  fell  was  only  3  or  4  centimeters  in 
depth.  Per  contra,  on  the  mountain  side  the  fall  was  heavy;  the  vil- 
lage of  San  Antonio,  more  than  4  miles  from  the  crater,  was  so  buried 
under  lava  and  ash  that  the  ridgepoles  of  the  houses  were  hidden.  It 
would  appear  from  the  descriptions  that  a  very  considerable  part  of 
Ma^'on  consists  of  a  solid  framework  of  lava  flows,  which  alternate 
more  or  less  irregularly  with  ash  eruptions,  l)ut  that  the  external  form 
of  the  mountain  is  determined  by  showers  of  ash  and  coarser  frag- 
mental  ejecta.     X  can  hardly  believe  that  there  is  ordinarily  any  such 

I  El  May6n,  1885. 

2 La  erupci6n  del  volcrtn  May6n  en  1897,  Manila,  1898. 

^EmilStohr,  DerVulkan  Tengger  auf  Ost-Java,  NaturwKs.  Verein  der  Rheinpfnlz.  Diirklieim,  1868, 
p.  200. 
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regularity  in  the  life  history  of  a  volcano,  as  is  implied  in  Stohr's 
hypothesis.  Study  of  the  history  of  Mayon  and  comparison  with 
other  volcanoes  show  that  the  form  of  the  vertical  cross  section  is  a 
definite  one'  (depending  on  the  resistance  of  the  material  to  crushing), 
and  it  follows  that  the  material  ejected  during  any  considerable  erup- 
tion is  so  distributed  that  the  vertical  depth  of  the  added  layer  is  sub- 
stantially uniform  fi-om  the  summit  to  the  base.  Of  course,  more 
material  falls  near  the  top  than  near  the  bottom,  but  more  rolls  down 
from  the  steeper  slopes  of  higher  portions  than  from  the  gentler 
slopes  near  the  foot.  If  each  particle  were  to  remain  where  it  fell 
the  slope  would  become  steeper  at  each  eruption  and  the  mountain 
would  tend  toward  the  shape  of  a  cj'lindrical  column. 

A  large  number  of  extinct  or  dormant  craters  exist  between  Mayon 
and  Laguna  de  Bai.  Only  one  of  these  has  certainly  lieen  known  to 
break  out  since  the  occupation  of  the  country  bj^  the  Spaniards.  The 
magnificent  cone  of  Banajao,  7,382  feet  in  height,  towers  over  Laguna 
de  Bai,  and  is  visil)le  from  Manila  Bay.  Its  crater,  now  700  feet  deep, 
was  occupied  bj'  a  lake  till  1730,  when,  according  to  the  Estado  Geo- 
gratico,  a  violent  eruption  took  place,  bursting  the  southern  side  of  the 
crater  and  pouring  out  both  water  and  incandescent  lava.  Since  then 
it  has  been  dormant.  The  Estado  Geografico  also  alleges  that  Iriga, 
in  the  Province  of  Camarines  Sur,  underwent  eruption  in  1641,  but 
Jagor  gives  seemingly  good  reason  for  believing  that  this  statement, 
not  to  be  found  in  earlier  works,  is  a  mistake.  Many  of  the  extinct 
cones  retain  traces  of  solfataric  action,  or  at  least  give  vent  to  hot 
springs,  but  there  seems  to  be  little  of  special  interest  known  about 
them  which  can  not  l)e  included  in  the  table  on  pages  oo-oO.  where 
they  are  catalogued. 

Solfataras  and  hot  springs  are  numerous  throughout  this  region. 
One  of  the  moi'c  remarkable  occurrences  of  this  nature  is  near  the  base 
of  Mount  Malinao.  in  the  Province  of  Albay,  a  short  distance  from  the 
town  of  Tiui  and  at  a  small  settlement  called  Naglabong.  Some  of  the 
springs  here  deposit  siliceous  sinter,  similar  to  that  of  the  Yellow- 
stone. Iceland,  and  New  Zealand,  in  various  fantastic  forms,  and  pyri- 
tous  (lei)osits  of  recent  date  are  also  found.  The  water  was  analyzed 
by  Kanmi('lsl)erg  for  Roth  and  Jagor.  In  100,000  parts  he  found  7.5 
silicic  anhydride,  25.4  lime  with  a  trace  of  iron,  0.2  magnesia,  and 
abundant  chlorides,  but  no  sulphates.  The  occurrence  is  enthusiastic- 
ally descril)ed  by  Jagor  and  has  been  discussed  by  Mr.  Abella  among 
the  subordinate  volcanic  emanations  of  Malinao  (1885).  Mr.  Abella 
found  still  more  silica  in  this  water,  viz,  0.28  per  thousand  paits.  or 
28  per  hundred  thousand.  He  compares  his  results  with  Kamniclberg's 
on  the  erroneous  assumption  that  the  German  chemist's  results  are  per 

1  riu'  viTticiil  outline  is  the  hyperbolic  sine  enrve.  A  iliscussion  may  be  found  in  my  ivporton  the 
golil  Molds  of  sdulhorn  Alnskn:  Eighteenth  Ann.  Repl.  V.  S.  Ceol.  Survey,  Pt.  III.  l--'.!-^.  pi>.'JO-25. 
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thousand  parts.'  Mr.  Abella  confirms  the  absence  of  sulphates  in  this 
water.  He  found  the  tempei'ature  of  the  water  at  various  \-ents  from 
52^  to  106°  C 

The  hot  springs  at  Los  Baiios  on  Laguna  de  Bai,  at  the  base  of 
]Maquiling.  are  very  well  known,  largeh'  because  they  are  so  accessible 
from  Manila,  and  have  long  been  supposed  to  possess  remarkable 
curative  properties  b}^  the  natives.''  I  shall  not  attempt,  however,  to 
include  in  this  paper  any  account  of  the  numerous  hot  and  mineral 
springs  of  the  Philippines.  They  form  the  subject  of  two  memoirs  by 
a  special  commission,  of  which  Mr.  Abella  was  chairman. 

The  Taal  Volcano  is  a  very  peculiar  one  and,  when  order  prevails 
among  the  natives,  is  readily  accessible  from  Manila.  It  has  conse- 
quently often  been  described,  both  by  Spaniards  and  b\^  others. 
Chamisso  visited  it  in  1818,  Hofman  in  1825,  the  Wilkes  exploring 
expedition  and  Delmarche  in  184:2,  Semper  in  1859,  and  von  Drasche 
in  1876.  Of  the  accounts  published  })y  these  travelers,  Semper's  is 
the  most  instructive,  and  he  collected  the  specimens  from  which  Mr. 
Oel)J)eke  determined  the  lava  as  andesite.  Most  of  the  accounts, 
however.  lea\e  much  to  be  desired,  because  the  travelers  did  not 
remain  long  enough  to  make  any  detailed  surveys.  The  most  com- 
plete account  of  Taal  is  to  be  found  in  Centeno's  memoir,  written  in 
1883,  and  accompanied  by  maps  and  sections. 

Taal  lies  on  a  small  volcanic  island  in  the  lake  of  Bombon.*  The 
island  has  an  area  of  some  220  square  miles.  There  is  a  relatively  lai'ge 
central  crater  and  several  smaller  extinct  ones.  Of  these  latter,  that 
at  the  northwest  corner  of  the  island  is  known  as  Great  Binintiang,  or 
Binintiang  Malaqui,  and  that  at  the  south  end  as  Little  Binintiang, 
or  Binintiang  Munti.  The  central  or  main  crater  is  nearl}^  round,  its 
diameter  on  a  north-south  line  being  1,900  meters  (6,233  feet)  and  the 
east-west  diameter  2,300  meters  (7,516  feet).  The  edge  of  this  crater 
is  somewhat  irregular,  but  is  nowhere  broken  through,  its  highest 
point  standing  at  onh'  320  meters  (1,050  feet)  above  sea  level  and  its 
lowest  at  130  meters  (126  feet).  It  is  said  that  Cosima  in  Japan  is  the 
only  other  volcano  of  similarly  low  altitude.  Within  the  rim  are  two 
hot  pools,  known  respectively  as  the  yellow  and  the  green  lake,  and  a 
little  active  cone  about  50  feet  in  height  from  which  escape  steam  and 
sulphurous  gas  in  varj'ing  quantities.  The  level  of  the  interior  pools, 
according  to  Centeno,  is  b}'  measurement,  at  least  very  approximately, 
that  of  Bombon  Lake  itself.  The  following  analyses  by  Mr.  Centeno 
show  the  composition  of  the  solid  residue  in  one  liter  of  water  from 
(I)  the  yellow  or  more  northerly  lake  and  (II)  the  green  lake.     The 

'  Perhaps  another  ease  of  careless  translation.    I  have  not  seen  the  Spanish  translation  of  Jagor. 

2  Emanaeiones  volcftnicas  subordinadas  al  Mallnao,  1885. 

'The  precise  locality  is  called  Mainit,  a  name  which  occurs  at  many  hot  springs  in  the  Philippines 
and  is  said  to  be  the  Malay  word  for  hot.  The  French  traveler,  de  la  Gironifere,  called  Mount  Maqul- 
ling  Mainit  because  it  is  <Iose  to  this  hamlet. 

■•  Old  writers  use  the  form 
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tempenituro  of  the  yellow  lake  is  100=  C;  that  of  tho  other  pool  is 
high,  but  it  could  not  he  approached  on  at'count  of  its  steep  banks. 
The  soil  of  the  crater  is  heated  to  al)out  50".  The  inner  walls  of  the 
crater  are  so  steep  as  to  make  descent  into  it  very  difficult. 

Analyses  of  solid  rmdue  in  hot  waters  from  crater  of  Tual  Volcano. 


Bodiiiiii  chloride 

Potassium  chloride  . . . 

Ferric  chloride 

Ferrous  sulphate 

Aluminic  sulphate  . .  - 
Magnesic  sulphate  . . . 

Calcic  sulphate 

Sodic  phosphate 

Free  sulphuric  acid. . . 
Free  chlorhydric  acid 
Silica : 


Grams. 

lo.  9412 
0.  7095 
4. 1907 
0.  5693 

0.  9360 

1.  3200 
0.  5100 
0.  5867 
1.5855 


Total. 


Grams. 

30.  8588 

3.  4716 

9.  6736 

1.6772 


3.  0600 
0.  4644 

0.  7620 

1.  4888 
7.  8264 
0.  7400 


60.  0228 


The  concentration  and  acidity  of  these  waters  soeni  remarkable.  I 
know  of  none  elsewhere- closely  resembling  them. 

Taal  has  had  some  violent  eruptions  since  the  l)ei>-innino-  of  the 
Spanish  occupation,  the  worst  })eino-  in  1754.  The  earliest  known 
record  is  by  Fathin- (xaspar  de  San  Augustin,  who  wrote  in  1(580.  His 
account  is  given  in  full  t)y  Centeno  for  the  light  it  throws  on  the  con- 
dition of  the  volcanoes  prior  to  the  more  recent  eruptions,  and  I  have 
examined  the  original  work.  Father  Gaspar'  says:  '"In  this  lake  of 
Bombon  there  is  a  small  island  upon  which  is  a  fiery  volcano,  wont  at 
times  to  eject  numerous  and  very  large  l)urning  stones  which  destroy 
and  lay  waste  many  cultivated  fields  which  the  natives  of  Taal  possess 
on  the  slopes  of  the  said  volcano."  Father  Alljuniuenjue,  priest  of 
the  town  of  .Tajil,  which  lay  on  the  shore  of  Rombon  but  is  now 
destroy«'d,  pi'oceeded  to  the  volcano  in  order  to  exorcise  and  sanctify 
it.  He  had  him.self  let  down  into  the  crater,  ''which  had  two  mouths, 
one  of  sulphur  and  one  of  green  water  which  is  always  l)oiling.  Jo 
this  place  now  come  many  deer,  which  are  attrac-ted  by  the  saline 
deposits  (salitrales)  existing  about  the  lake  of  the  volcano.  The  open- 
ing which  lies  toward  the  town  of  Lipsi  [SE]  has  a  width  of  a  (juarter 
of  a  league,  and  through   the  other,  which   is  smaller,  the   volcano 


1  CoiiquiKfJis  de  1h8  PhiUppiniut,  Madrid,  1698,  p.  2.>l. 
Library. 


book  maybe  seen  in  tin-  Boston  Public 
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began  to  send  out  smoke  in  such  quantities  that "  a  fresh  exorcism  was 
clearly  requisite  and  was  duly  solemnized.  From  that  time  up  to 
1680,  the  date  of  writing,  no  fire  or  smoke  had  issued  from  the  vol- 
cano. It  appears  from  this  description  that  Taal  over  two  hundred 
3'ears  ago  must  have  been  very  much  in  the  same  condition  as  it  is 
to-day,  excepting  that  deer  would  perhaps  find  a  visit  to  the  salt 
deposits  in  the  crater  more  difficult  now  than  in  the  days  of  Friar 
Gaspar.* 

Eruptions  are  recorded  at  Taal  in  1709, 1715, 1716,  and  1731.  From 
the  account  of  Father  Francisco  Bencuchillo,  quoted  by  Centeno,  it 
appears  that  the  outl)reaks  of  1709  and  1715  were  confined  to  the  island, 
doing  no  damage  on  the  outer  shores  of  the  lake.  Incandescent  stones 
were  thrown  out,  "  and  a  great  fire  i-an  like  a  river  all  across  the  island  " 
(corrio  por  toda  la  isla).  Mr.  Centeno  finds  no  trace  of  continuous  lava 
flows  on  the  island  which  ai-e  anything  like  so  recent  as  the  last  century, 
and  believes  that  the  accumulation  of  red-hot  ejecta  on  the  slopes  of 
the  volcano  must  have  conveyed  a  false  impression  to  the  inhabitants 
watching  the  destruction  of  their  propertv  from  a  distance.  In  1716, 
according  to  Father  Francisco  Pingarron,  rector  of  Taal,  as  quoted  by 
Centeno,  a  more  serious  eruption  took  place.  After  sounds  mistaken 
for  discharges  of  artillery  had  been  heard,  fire  was  descried  buj'sting 
from  the  volcano  on  the  island  at  the  side  toward  Lipa.  on  a  point 
called  Calavite.  This  point  is  now  called  Calauit,  and  is  the  south- 
eastern corner  of  the  island.  The  fire  then  shifted  into  the  lake  in  the 
direction  of  Mount  Macolod,  throwing  up  water  and  ashes  in  immense, 
bubbling  masses,  rising  like  towers  into  the  air.  The  water  grew  hot 
and  black,  fish  were  strewn  on  the  beaches  as  if  the}^  had  been  cooked, 
and  the  air  was  so  full  of  sulphurous  smells  and  the  odor  of  dead 
fish  that  the  inhabitants  sickened.  This  state  of  things  lasted  three 
days.  In  1731.  so  Father  Bencuchillo  writes,  "fire  broke  out  in  the 
lake  in  front  of  the  point  which  looks  to  the  east,  obelisks  of  earth  and 
sand  so  large  and  high  raising  themselves  from  the  water  that  in  a  few 
days  an  islet  was  formed  with  a  quarter  of  a  league  of  coast  line." 
Centeno  thinks  the  Father  referred  to  the  northeastern  point  of  the 
island,  and  that  the  islets  which  now  exist  there  were  formed  at  this 
eruption.  Possibly,  however,  an  island  of  pumice  may  have  been 
formed  at  Calauit  and   have  been  washed  away  at  a  later  date.     It 

'  Le  Gentn  (G.  J.  H.  J.  B.  le  Gentil  de  la  Galaisi^re),  in  his  Voyage  dans  les  mers  de  rinde,  a  Foccasion 
du  passage  de  V6nus.  fi  Juin,  1761,  Vol.  II,  1781,  p.  18,  translates  this  account,  quoting  the  author 
as  Gaspard,  and  stating  that  "  at  present  many  wild  boars  [sangliers]  come  to  the  neighborhood,  to 
which  they  are  attracted  by  the  saltpeter  which  they  find  about  the  lake."  The  dictionary  meaning 
of  salitral  is  saltpeter  deposit,  but  the  term  is  still  used  for  almost  any  deposit  of  efflorescent  salts,  very 
much  as  alkali  is  employed  in  the  far  West  for  deposits  bearing  little  resemblance  to  hydrated  oxides 
of  the  alkaline  metals.  In  Father  Gaspar's  day  chemical  distinctions  were  almo.st  unknown,  and  the 
use  of  the  word  salitral  can  not  have  been  more  definite  than  it  now  is.  Perry  (ibid.,  p.  66)  still  further 
improves  on  Gaspar,  and  states  that  many  wild  boars  come  to  the  neighborhood,  attracted  by  the  sul- 
phur! Perhajis  he  thought  even  such  a  preposterous  assertion  credible  of  a  country  where  the  horses 
still  insist  on  having  molasses. 
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would  1)0  interesting  to  examine  the  existing  islets  with  a  view  to 
estimating  their  age. 

I  have  given  som(>what  full  details  of  these  eruptions  because  Mr. 
Semper  thus  summarized  the  early  history  of  Taal:  "Two  doubtful 
eruptions  are  mentioned  in  the  years  1634  and  1(54.5  without  statement 
of  the  name  of  the  craters.  From  1707  to  1733  the  two  Binintiangs 
alternated  with  one  another  till  at  length,  in  174:9,  the  middle  crater 
burst  out.  silencing  the  other  two.  From  this  time  on  it  has  assumed  the 
role  of  bringing  to  the  inhabitants  of  the  neighboring  villages,  in  the 
smothering  ashes,  death  and  at  the  same  time  a  blessing.''  The  bene- 
fa(;tion,  he  explains,  is  the  fertile  soil  into  which  the  ash  is  transformed. 
He  gives  no  authorities  for  the  eruption  of  the  Binintiangs,  nor  do 
Perry  and  Centeno  refer  to  any.  Mr.  Semper  is  a  careful  writer,  but 
possibly  he  has  confused  the  accounts  of  eruptions  on  the  eastern  side 
of  the  island  with  indications  of  past  eruptions  on  the  western  side 
afforded  by  the  little  craters  with  long  names.  Mr.  Centeno  states 
that  Little  Binintiang  is  now  base-leveled,  and  though  geologically 
recent  is  very  ancient.  Great  Binintiang  still  emits  hot  steam,- but 
Centeno  does  not  appear  to  consider  its  last  eruption  very  recent.' 

The  greatest  eruption  of  Taal  took  place  in  17.54.  It  consisted  onlj' 
of  fragmental  ejecta,  but  these  were  sufficient  to  destroy  four  villages 
lying  about  the  lake.  This  ash,  Semper  savs,  has  now  indurated  and 
a  new  growth  of  bamboo  and  palms  has  sprung  up  round  the  project- 
ing ruins.  The  eruption  began,  according  to  Bencuchillo,  on  May  15, 
and  continued  with  intervals  till  December  1,  when  it  ceased  and  a 
typhoon  supervened,  lasting  two  days,  and  destroying  all  the  volcano 
had  left.  In  the  tropics  nature  has  wonderful  powers  of  recuperation. 
"In  spite  of  the  terrible  lessons  of  the  last  century."  comments  Cen- 
teno, "all  of  these  localities  have  been  repopulated.  Their  fertility, 
their  surpassingly  beautiful  topographical  situation,  and  their  unim- 
provable healthfulness  charm  the  people  into  a  prompt  forgetfulness 
of  past  disasters."  No  great  ei-uption  has  occurred  since  1754.  In 
1S08  and  in  1S73  there  were  outbreaks,  but  the  damage  done  seems  to 
have  been  confined  to  the  island  itself. 

Lake  Bombon  has  a  rudely  oval  form  with  a  mean  diameter  of 
about  12  miles.  I  have  not  been  able  to  ascertain  its  level,  but  the 
surface  can  not  stand  many  feet  above  the  sea,  for  the  Rio  Pansipit, 
which  connects  the  lake  with  the  Gulf  of  Balayan,  is  only  about  6 
miles  long  and  has  no  cataracts,  and  it  was  formerly  navigable.  It 
cuts  through  a  low  mass  of  tuff.  The  other  portions  of  the  lake  are 
encompassed  by  a  crest  considerably  higher  than  the  surrounding 
country.  At  some  points  this  crest  comes  close  to  the  shore  of  the 
lake,  while  at  others  a  narrow  strip  of  lowland  intervenes,  l)ut,  as 
Mr.  von  Drasche  pointed  out,  the  watershed  is  everA'where  so  near  the 

1  Tlif  (juin  Otlcinl,  however,  speaks  of  viigue  reports  of  eruptions  of  Biiiiminng  Malaqui. 
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shore  that  the  lake  has  not  a  single  affluent.  The  entire  surrounding' 
region  is  composed  of  volcanic  material,  almost  altogether  tufi'. 
Father  Zuniga  regarded  the  lake  as  originating  in  the  collapse  of  a 
volcanic  cone,  and  to  this  theory  von  Hochstetter,  von  Drasche,  and 
Centeno  assent.  The  theory  of  volcanic  collapse  seems  to  imply  that 
an  empt}-  space  beneath  the  earth's  surface  is  formed  by  the  eruption 
of  lava  and  that  the  intervening  rock  is  too  weak  to  bear  the  load  put 
upon  it;  so  the  country  over  a  mine  sometimes  subsides.  I  doubt  this 
theory  as  applied  to  volcanic  cones,  excepting  when  invoked  to  account 
for  local  details  of  structure.  It  seems  to  me  very  improbable  that  a 
considerable  cavernous  subterranean  space  is  left  when  lava  is  extruded, 
nor  can  I  think  the  foci  of  volcanic  activit}'  so  close  to  the  surface 
that  such  a  cavern,  if  formed,  could  be  filled  by  moans  of  mere  sub- 
sidence of  the  cone.  If  the  foca'  distance  from  the  surface  is  manj'^ 
miles,  such  a  cavern  would  be  filled  in  immediately  by  molded  or  frac- 
tured rock  from  its  own  sides,  and  even  this  would  most  likely  onh^  par- 
tiallv  relieve  the  tendency  to  upheaval  which  so  usually  accompanies 
active  volcanism.'  On  the  other  hand  it  is  well  known  that  craters  of 
vast  size  have  been  formed  by  explosions,  and  I  can  see  no  reason  to 
doubt  that  Bombon  may  have  been,  probably  has  been,  formed  in  this 
way,  in  spite  of  its  large  dimensions." 

From  the  southern  edge  of  Bombon  to  the  Gulf  of  Batangas,  and 
again  from  the  northern  edge  of  the  lake  to  the  northern  end  of  Manila 
Bay,  stretches  a  great  area  of  tufi',  to  which  reference  has  been  made  in 
discussing  the  distribution  of  volcanic  rocks.  The  area  to  the  north  of 
the  lake  slopes  with  extreme  gentleness  toward  the  bay,  decreasing  in 
elevation  only  500  to  600  meters  in  30  kilometers,  on  a  wonderfully 
steady  slope.  All  observers  seem  to  be  forced  to  the  conclusion  that 
most,  at  least,  of  this  tutf  comes  from  Taal.  •  Under  subaerial  condi- 
tions I  should  say  that  this  would  be  impossible;  such  masses  could 
not  be  projected  to  distances  so  great  or  distributed  in  such  a  manner 
along  so  flat  a  country.  Nothing  is  more  certain,  however,  than  that 
Luzon  stood  at  a  considerabl}'  lower  level  than  it  now  does  in  recent 
times.  Taal  and  Bombon  must  have  been  immersed,  and  a  channel 
then  passed  from  Batangas  Gulf  to  the  eastward  of  the  Zambales 
Range  into  the  Gulf  of  Lingayen.  In  such  circumstances  the  actual 
distribution  of  tuff  from  the  Taal  vent  would  be  intelligible. 

1  Pepandajan  or  Papandayang,  at  its  eruption  in  1772,  has  beeri  regarded  as  a  prominent  instance  of 
collapse.  Lyell  wrote:  "  It  was  estimated  that  an  extent  of  ground  of  the  mountain  itself  and  its 
immediate  environs,  15  miles  long  and  fully  6  broad,  was  by  this  commotion  swallowed  up  in  the 
bowels  of  the  earth."  (Principles,  11th  ed. ,  1877,  ch.  30.)  But  Junghuhn  showed  that  no  collapse  at 
all  occurred.  Such  an  area,  with  40  villages  and  nearly  3.000  human  beings,  was  buried  under  ejecta, 
raising  the  level  of  the  country.     (Java,  Germ,  trans.,  1854,  2d  part,  p.  97.) 

-  Mr.  von  Drasche,  while  assenting  to  the  theory  of  collapse,  nevertheless  speaks  of  Bomb6n  as  "  a 
crater  lake,"  and  Mr.  Koto  refers  to  it  in  the  same  way  (loc.  cit.,  p.  119).  It  might  be  questioned 
whether  the  term  crater  is  properly  applicable  to  mere  sinks,  even  of  volcanic  origin,  but  that  is  a 
matter  of  usage.  In  this  particular  case  the  ambiguity  of  the  term  leaves  me  in  doubt  whether  Mr. 
Koto  shares  my  view  or  Mr.  von  Drasche's. 
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The  condition.s,  then,  .seem  to  point  to  the  hj^pothesis  that  at  the 
locality  of  Lake  Bouibon  there  exi.sted  a  volcano,  at  least  the  lower  por- 
tion of  which  wa.s  below  water  le\el;  In'  ordinary  eruption.s  and  kraka- 
toan  catacly.snis  va.st  quantities  of  scoriaceous  ejecta  were  expelled, 
and  such  of  these  as  fell  into  the  Batangas-Linga3'en  channel,  or  its 
drainaj^e  area,  were  distributed  as  the  more  or  less  stratified  tuffs  now 
so  wideh-  spread  along  this  course;  finall}^  Taal  itself  is  the  small  inner 
cone  of  a  great  crater  of  explosion.  This  hypothesis  appears  to  account 
for  all  the  facts  at  present  known  to  me,  such  as  the  rim  about  the 
lake,  the  contour  of  its  bed,  the  stead}'  slope  of  the  northern  tuff'  plain, 
the  distribution  and  character  of  the  tuff.  I  am  by  no  means  of  the 
opinion,  however,  that  all  the  tuffs  of  Manila  Province  came  from 
Bombon. 

Returning  to  enumeration  of  volcanoes,  there  are  to  the  southeast 
of  Lake  Bombon  two  mountains  supposed  to  be  extinct  vents,  but  of 
which  next  to  nothing  is  known.  One  of  them  is  called  Malarayat,  a 
peak  of  which  is  called  Sosoncambing,  and  the  other  is  Tombol.^  About 
the  same  latitude  and  off'  the  western  coast  is  the  alleged  volcano  Ambil. 
Mr.  Semper  investigated  this  case  and  could  find  no  evidence  that  there 
has  been  any  eruption  on  this  island  in  historical  times.  On  the  charts 
what  appears  to  be  a  crater  is  shown  with  an  elevation  of  2,500  feet. 

In  the  Sierra  de  Mariveles  there  are  no  present  signs  of  volcanic 
activity  beyond  hot  springs,  but  the  range  is  unquestionably  of  volcanic 
origin.  Prominent  points  upon  it  are  Pico  de  Loro  on  the  southern 
headland  of  Manila  Bay,  the  Island  of  Corregidor,  Nagouliat  Peak,  and 
Butilao  Peak.  It  has  been  alleged  that  there  is  a  crater  on  Corregidor, 
but  I  found  none.  Mr.  von  Drasche  has  suggested  that  Corregidor 
and  the  littl(>  island  Pulo  Caballo  are  parts  of  the  rim  of  a  large  crater, 
and  this  appeared  probable  to  me  too  during  a  visit  to  these  islands. 

North  of  the  Mariveles  Mountains  lies  the  Cordillera  de  Cabusilan, 
which  contains  volcanic-looking  })eaks  (sketched  by  Mr.  von  Drasche), 
especially  Pinatubo.  but  I  know  nothing  further  about  them. 

Mount  Aniyat  is  a  striking  object,  even  from  the  mouth  of  the  Pasig 
River,  looming  up  over  aji  extensive  plain  in  solitaiy  grandeur.  The 
merest  glance  is  sufficient  to  show  that  it  is  a  monadnock  and  in  all 
prol)ability  volcanic.  There  ai-e  two  jjeaks,  of  which  only  one  is  visible 
from  the  south.  It  is  densely  wooded  and  shows  no  crater,  according 
to  Mr.  von  Drasche,  who  regards  the  rock  as  dolerite.  Mr.  Oeblieke, 
who  examined  specimens  from  both  peaks,  says  that  the  groundma.ss  is 
chiefly  feldspar,  and  he  das.ses  it  as  an  olivine-bearing  augite-andesite. 
Aniyat  must  have  been  extinct  for  a  very  long  time. 

It  has  already  been  noted  that  San  Tomas,  or  Tonglon.  on  the  ea.stern 
boundary  of  Union  Province,  is  not  a  volcano,  either  active  or  extinct. 


1  Mr.  Semper  collected  tiiiKitc-andesites  from  Mount  Biniiy  nnd  the  moiintiiins  of  southern  Biitangaa 
which  hnvc  been  described  by  Mr.  Oebbeke.  I  can  not  Ihid  Binay  on  the  ninps,  where  it  is  probably 
represented  by  some  other  name. 
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On  the  other  hand,  Mount  Data  is  regarded  b_y  Messrs.  Semper,  Jagor, 
and  Espina  as  an  extinct  volcano.  Mr.  Hans  Meyer  ascended  Data  in 
1882  and  by  barometer  found  the  height  2,245  meters.  He  found  a 
lake  some  1.100  yards  in  diameter  on  a  bench  on  the  eastern  slope  of 
the  highest  part  of  the  mountain.^  This  is  perhaps  a  crater  lake.  This 
traveler  says  nothing  of  the  rock,  but  at  Mancayan,  only  about  5  miles 
from  the  peak,  the  rock  is  sanidine-trachyte.  according  to  Mr.  yon 
Drasche. 

The  remaining  volcanic  mountains  of  the  archipelago  lie  in  one 
group  at  its  northern  end.  Mr.  James  Horsburgh  mentions  the  little 
island  Camaguin  de  Babuyanes  as  having  formerly  been  a  volcano,  and 
saj's  that  on  the  west  end  of  the  Island  of  Babuyan  Claro  there  is  a  vol- 
cano.^ Meyen  states  that  in  1S81  the  latter  underwent  a  violent  erup- 
tion. Semper  says  Babuyan  Claro  seems  to  be  continually  in  eruption 
and  that  Camaguin  is  now  in  the  solfataric  stage.  In  1856  a  new  vol- 
cano made  its  appearance  not  far  from  Camaguin,  at  the  Didica  reefs, 
or  Farallones.  It  is  called  the  Didica  Volcano.  It  appeared  in  Sep- 
tember or  October,  1856,  between  two  rocks  well  known  to  the  natives, 
at  first  as  a  column  of  ''smoke."  No  earthquake  attended  its  first 
appearance,  but  in  1857  it  underwent  a  viohnit  eruption,  attended  by 
earthquakes.  From  that  time  to  1860,  when  Mr.  Semper  saw  it,  the 
volcano  was  constantly  active,  and  in  four  years  had  reached  a  height, 
according  to  his  triangulation,  of  700  feet.  He  was  unable  to  visit  the 
spot.  There  is,  finalh',  a  volcano  on  the  main  Island  of  Luzon,  in  the 
eastern  coast  range,  some  25  miles  south  of  Cape  Engano.  It  was  dis- 
covered b}-  Mr.  Claudio  Montero,  of  the  Spanish  Hydrographic  Com- 
mission. In  1860  Mr.  Semper,  from  Aparri,  saw  smoke  ascending 
from  this  mountain,  and  his  servant,  who  went  to  its  base,  assured  him 
that  it  was  well  known  among  the  natives  as  a  "fire-mountain."" 

In  the  following  table  are  collected  the  principal  data  available  con- 
cerning 20  active  and  29  extinct  or  dormant  volcanic  vents.  I  may 
repeat  here  that  San  Tomas  and  Siquijor,  or  Fire  Island,  are  omitted 
because  it  has  been  shown  that  they  are  not  volcanoes.  Calayo,  sup- 
posed to  be  on  Palawan,  is  left  out  because  there  are  no  data  as  to  its 
position,  while  I  have  no  means  of  separating  the  positions  of  the  two 
volcanoes  said  to  exist  on  Dumaran  de  Paragua.  The  principal  s3'no- 
n3'ms  are  given,  that  which  seems  most  appropriate  being  put  first. 
The  latitude  and  longitude  are  only  approximate  and  have  l)een  read 
from  maps.  So  far  as  possible  Mr.  d'Almonte's  maps  have  been  used 
to  fix  positions  and  elevations.  Mr.  Abella's  determination  of  alti- 
tude has  been  taken  for  Mayon  and  Mr.  Montano's  for  Apo.  A  num- 
ber of  the  heights  of  Luzon  volcanoes  are  those  originall}'  determined 
by  Jagor,  but  I  do  not  know  the  sources  of  all  of  Mr.  d' Almonte's 

1  Weltreise,  1890,  pp.  253-287.    Meyer  had  a  paper  in  Globus,  1883,  which  I  have  not  been  able  to  see. 
^  The  India  Directory,  or  directions  for  sailing  to  and  from  the  East  Indies,  2d  ed.,  1817,  p.  328. 
^  Die  Philippinen,  1869,  pp.  14, 98. 
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figures.  Many  of  thorn  are  doubtloss  his  own.  The  longitudes  of  the 
table  are  for  the  prime  meridian  of  Greenwich.  In  the  s(>ction  on 
"Sources  of  information"  the  Greenwich  longitude  of  other  prime 
meridians  is  noted. 

Active  (ind  solfaiaric  volcanoes. 


Province. 

Approximate- 

Height 
in  feet. 

Rock.  a 

Xame. 

Latitude. 

tu^eTof 
Green- 
wich. 

Pate  of  eruption. 

0 

, 

0          / 

Babuvan  C'laro 

Balams 

do 

19 

18 

30 

121    m; 

121     52 

1831   18G0 

Camigiiln  de  Ba- 
buyanes. 

Solfatarie 

Didica  

do 

19 

., 

r''>     4 

700 

185(1  to  1860. 

CaguaorCttua... 

Cagavs'm 

18 

13 

122       4 

3,920 

Solfatarie  in  1860. 

Taal 

Batangas 

1-1 

120     57 

1,0.50 

Andesite  6.. 

1709,1715,1716,1731, 
1749,  17.54,  1S08, 
1873. 

Baniljao  or   Ma- 

Laguna 

14 

2 

7,382 

Andesitec. 

1730. 

jaijai. 

May6n  or  Albay  . 

Albay 

13 

16 

123     39 

8,970 

* 

.\ndesite6.. 

1616,1766,1800,1814, 
1827,  1835,  1845, 
1846,  1851,  1853, 
18,55,  1858,  1868, 
1871,  1872,  1873, 
1881,  1885,  1886, 
1887,  1888,  1890, 
1891,  1892,  1893, 
1895,  1896,  1897, 
1900. 

BulusCm 

Sorsog6n 

12 

■17 

124       1 



1852.    Solfatarie. 

Guinon   ^Bilirilu 

Lcvie 

11 

32 

124     28 

Andesite  (/.. 

Solfatarie. 

Island,. 

Ka.siboi  (,r    Cao- 

do 

10 

5.T 

124    :>3 

.\ndesitee  .. 

Do. 

langojan? 

DanAn 

...    do 

10 

M 

124     53 

Andesitec 

Do 

Alivancia 

PBragua  

10 

RO 

119    48 

Do. 

do 

10 

'^0 

119    48 

Do 

Negros  Oriental  .. 
do 

Andesite?/. 
Andesite?/. 
.Vndesitei/.. 

1866,1893. 
Solfatarie 

Magasu 

9 

Ti 

123      9 

CanuKoin    do 

Misamis 

9 

12 

124     42 

1,950 

1871,1875. 

Mindanao 

Macaturin,  or 

Cottabato 

- 

3I> 

124     20 

1765,185C>,  1.s65,1.s71. 

Pollock,  or  Su- 

jut,  or  niano. 

Apo  or  DAvao 

DAvao  

3 

125     17 

10,311 

Andesite  A  .. 

Solfatarie, 

f<anguil  or  San- 

do 

5 

2.'> 

125     19 

3,117 

1641. 

Kir    (Halut    Is- 

land? 1. 

Jol6 

Jol6 

16 

■-< 

1120    58 

Basalt?/.... 

1641. 

a  The  (pierics  iiidiealc  that  the  composition  of  tlie  volcano  is  Inlerrcd  from  specimens  collected 
near  it,  but  not  on  it. 
bOebbeke.  <(  Abella.  /Becker.  /i  Velain. 

cv. Drasche.  cRoth.  ;;  Kenard.  /Uncertain. 
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Extinct  or  dprmant  volcanoes. 


Data Lepanto 

ArAvHt Pampanga 

Pinatubo j do 

Butilao I  Bataan  . . . 

Naguulint  or  Man  voles. do 

Corregidor do 

Pico  de  Loro Cavite 

Talim M6rong. . . 

Maqulling Lagiina. . . 

Crist6bal do 


Malarayat  and   Sosoii- 
cambing. 

Tombol 

Ambil 

Loboo  

Labo 

Colasi 

Isarog 

Iriga 

Malinao 

Mazaraga 

Pocdol  or  Bacon 

Mainit  or  Sapongan  . . . 
Cottabato  or  Taviran.. 
CagayAn  Jol6 


Matutum 

Malibato 

Btitiilan  or  Sarangani 
Balut  or  Sanguil  (?) . . 


Batangas 


do 

Mindoro 

Batangas , 

Camarines  Norte  . 

do 

Camarines  Sur 


.do. 


Albay  .... 

do.... 

Sorsog6n  . 
Snrigao . . . 
Cottabato. 
Balfibac  .. 
D4vao.... 

do.... 

do.... 

do.... 


14  13 
14  20 


121  13 
121  10 
121  24 


121 

11 

121 

10 

120 

16 

121 

16 

122 

46 

122 

59 

123 

21 

123 

26 

123 

34 

123 

35 

123 

54 

125 

33 

124 

18 

118 

30 

125 

6 

126 

10 

125 

2 

125 

18 

125 

20 

6,050 
4,376 
4,678 
640 
2,270 
1,519 
3,724 
5,288 


Andesite?c 
Andesite?c 
Andesite,dacite.i 
Andesite?c 
Basalt,  c 
Basalt,  d 
Basalt?  rf 
Andesite?6 


i  Andesite?6 

2,500 

3,451     Andesite?6 

5,092     Andesite.a 
'  .\ndesite.  d 

6,450  i  Andesite.f? 

3, 976  I  Basalt  and  aidesite.  a 
I  Basalt.rf 

4,442  I  Basalt,  d 


1,115 


VOLCANIC  BELTS. 


So  large  a  portion  of  the  Philippine.s  consists  of  volcanic  rock  as  to 
make  it  manifest  that  there  must  be  in  the  ai'chipelago  a  considerable 
number  of  volcanic  belts.  Such  zones  form  one  of  the  most  prominent 
features  of  Malaysia  as  a  whole,  and  when  these  are  passed  in  review  it 
appears  that  the  volcanic  structure  of  the  Philippines  must  bear  com- 
plex and  interesting  relations  to  that  of  the  entire  region.  J.  D.  Dana' 
was,  I  believe,  the  first  to  call  attention  to  the  linear  disposition  of  the 
volcanic  islands  of  the  Pacific  and  to  refer  this  arrangement  to  geotec- 
tonic  principles.      Naumann,^  Perry,''  Suess,*  Junghuhn,"  Centeno,* 


H".  S.  Expl.  Exp.,  Vol.  X,  1849,  pp.  11-23,  415-436. 
-  Lehrb.  der  Geognosie,  Vol.  I.  1858,  p.  93. 
3  Phin.  vole. :  M6m.  Acad,  de  Dijon,  Vol.  VIII,  1860, 
p.  31. 


<Antlitz  der  Erde,  Vol.  II,  1888,  pp.  213-217,  etc. 
5 Java,  Vol.  II,  1854  (German  trans.),  p807. 
«Memoria  geol6g.-min.  Fil.,  1876,  p.  7. 
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Wichmann,'  Verbeek,'*  Martin,"  Molengraaf,*  Koto/  and  others  have 
contributed  to  the  subject,  which,  however,  still  requires  much  stud}', 
especially  with  reference  to  the  Philippines. 

The  Nicobar  Islands,  Sumatra,  Java,  and  the  Little  Sunda  group  lie 
along  the  edge  of  a  vast  submarine  precipice,  or,  in  other  words,  at  the 
very  abrupt  limit  of  the  continental  plateau.  Lines  of  folding  and 
volcanoes,  Tertiarv  and  modern,  accompany  the  course  of  this  southern 
limit  of  Asia.  Some  of  the  most  active  and  remarkable  volcanoes  of 
the  world  are  here.  Papandayang,  in  West  Java,  had  a  great  eruption 
in  177^,  destro3nng  40  villages.  Galung  Gung  in  18:22  destroyed  114 
villages;  and  it  is  some  measure  of  the  violence  of  the  Krakatoa  explo- 
sion of  1883  that  over  36,000  people  perished.  Off  the  eastern  coast 
of  the  Philippines  there  is  also  a  rapid  deepening  of  the  sea  bottom, 
marking  the  eastern  edge  of  the  continental  plateau,  and  here,  too, 
there  is  a  series  of  active  or  extinct  volcanoes  which  stretclies  from 
close  to  Formosa  southward  to  the  Moluccas.  According  to  Naumann, 
these  two  great  lines  meet  in  the  volcanic  island  of  Nila,  about  latitude 
6^  30'  8.,  longitude  129°  35'  E.,  but  later  studies  show  that,  while  in  a 
generalized  way  this  statement  represents  the  distribution  of  the  main 
volcanic  lines,  the  volcanic  systems  of  the  Banda  Sea  are  very  complex. 
In  this  neighborhood  submarine  elevations  connect  Malaysia  and  Aus- 
tralia, and  complexitv  of  structure  is  therefore  to  be  expected.  As 
many  as  three  curved  folds  appear  to  exist  here  with  a  common  center 
near  the  middle  of  the  Banda  Sea.  They  certainly  serve  to  connect 
the  Sunda  volcanic  line  with  the  Formosa  line ;  but,  though  consider- 
able study  has  been  devoted  to  the  subject,  the  evidence  is  not  suffi- 
ciently full  to  unite  geologists  as  to  the  actual  linear  connections 
between  volcanic  localities.  The  Formosa  line  seems  clearl}'  to  con- 
tinue along  the  eastern  coast  of  the  Philippines  southward  through 
Gilolo,  in  the  Moluccas,  but  Koto  and  others  regard  Buru  and  Ceram 
as  a  recurved  portion  of  one  of  the  concentric  Banda  Sea  arcs,  and  as 
running  in  this  locality  perpendicularly  to  the  Formosa  line.  For  the 
present  purpose  it  is  not  needful  to  enter  into  minutiae  concerning  the 
Banda  Sea  area. 

"Within  the  region  outlined  I)}'  the  submarine  cliffs  of  the  continental 
plateau  and  by  the  great  volcanic  arcs  lie  Borneo,  Celebes,  and  tlie 
western  portion  of  the  Philippines,  as  well  as  the  peninsula  of  Malacca 
and  its  contiiuiations,  Bangka  and  Hilliton.  These  latter  are  closely 
connected,  structurally  and  otherwise,  with  the  Nicobars  and  Sumatra, 
and  they  are  of  minor  interest  so  far  as  the  Philippines  are  concerned. 

1  Gcstcine  von  der  Insel  Kisser,  Beitrjige  zur  Gcologie  von  Ostasien,  Vol.  II,  1887,  p.  197.  Xout-s  Jahrb., 
1893,  pt.  2,  p.  176.     Petermanns  Mittcil.,  1893,  p.  18.    Zcitschr.,  D. geol.    Gesell.,  1893,  \>.  -iJS. 

2  Verbcek  et  Fennema,  D(^F^^ip.  g^ol.  de  .Tava  et  Mndoura,  1896,  p.  993. 

SReisen  in  den  Molukken,  geol.  Th.,  1897,  p.  .57.        *  IVtermann'a  Mitteil,  Vol.  XLI.  1S95.  p.  203. 
5 Geol.  .structure  of  the  Malayan  arehipelago:  Jour.  Coll.  of  Science,  Tokyo,  Vol.  XI,  pt.  2,  p.  83. 
This  is  in  part  a  very  convenient  review. 
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On  the  other  hand,  a  glance  at  such  a  map  as  Stieler's  physical  map  of 
Asia  is  sufficient  to  show  that  Borneo,  Celebes,  Gilolo,  and  the  Philip- 
pines are  very  nearly  related  from  a  structural  point  of  view.  The 
southwestern  ranges  seem  to  gather  in  toward  the  eastern  edge  of  the 
Philippines  as  do  the  branches  of  a  tree  to  its  trunk.  The  eastern 
coast  range  of  Mindanao  is  continued  southward,  by  the  Talaut  Islands 
and  others,  to  Gilolo  in  the  Moluccas.  Near  the  center  of  our  own 
Island  of  Leyte  there  is  a  fork  in  the  mountain  svstem,  and  the  west- 
erly branch  is  seemingh'  continued  southward,  through  Mount  Apo 
and  the  southernmost  point  of  Mindanao,  by  way  of  Sanguir  Island 
to  Celebes.  In  the  Visayas,  at  Masbate,  it  would  seem  that  a  second 
branch  is  thrown  off.  extending  through  Negros  and  western  Minda- 
nao, Basilan.  and  the  Jolo  group  to  the  Bornean  coast.  More  obscure 
is  a  line  which  starts  aj^parentlv  in  Pana}'  and  is  marked  in  the  Jolo 
Sea  by  the  Cagayanes,  including  Caga3'an  de  Jolo,  for  which  the  Gov- 
ernment of  the  United  States  is  now  negotiating  with  Spain.  A  very 
important  line  is  represented  by  the  Calaraianes  and  Palawan,  con- 
tinued in  liorneo  l)v  the  range  one  point  of  which  is  the  lofty  Kina 
Balu.  which  is  not  volcanic.  This  I'ange  extends  through  Borneo  to 
its  southwest  coast  and,  in  the  opinion  of  some  geologists,  not  includ- 
ing Mr.  Verbeek,  there  connects  with  Bangka.  In  northern  Luzon 
the  coast  range  or  Sierra  Madre  is  clearly  continued  by  the  Babuyanes 
and  Batanes  to  the  neighborhood  of  Formosa  (or  Taiwan),  but  the 
relations  of  the  Zambeles  Range  and  the  Caraballo  del  Norte  are  not 
evident  on  mere  inspection. 

The  interpretiition  of  these  topographic  features  is  more  or  less 
difficult  and  uncertain.  Lines  of  folding  must  of  course  be  discrimi- 
nated from  ranges  due  to  erosion,  and  while  volcanic  outbursts  are  apt 
to  mark  anticlines,  this  is  not  an  invariable  rule.  The  question  of 
contiimity  is  sure  to  arise  in  discussing  volcanic  belts,  and  it  is  some- 
times assumed  that  where  any  considerable  gap  occurs  between  areas 
of  volcanic  ejecta  the  fissure  system  connecting  vents  is  also  lacking. 
This  does  not  seem  to  me  a  correct  inference.  As  I  read  them,  volca- 
noes represent  points  on  a  zone  of  active  dislocation  where  a  powerful 
resistance  leads  to  the  dissipation  of  epeirogenetic  energy.  Disloca- 
tion without  attendant  volcanism  is  common  enough  even  in  volcanic 
regions,  for  active  volcanoes  are  characteristically  accompanied  by 
inactive  or  extinct  ones,  and  from  this  association  it  is  only  a  step  to 
volcanic  zones  in  which  spots  exist  where  there  neither  are  nor  ever 
have  been  volcanic  vents.  These  gaps  I  suppose  to  mark  portions  of 
the  fissure  system  so  related  to  the  zone  as  a  whole  that  resistance  to 
dislocation  is  never  intense  enough  to  suppl}'  the  latent  heat  of  fusion 
to  the  hot  rocks  on  the  isobathic  surface  of  melting. 

It  follows  as  a  matter  of  course,  from  these  and  similar  considera- 
tions, that  minute  study  of  the  structure  and  lithology  of  a  country  is 
needful  to  a  satisfactorj^  elucidation  of  its  volcanic  and  tectonic  system, 
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a  topographic  sketch  being  quite  in.sufRcient  for  the  purpose.  Never- 
theless, when  it  is  distinctlj-  understood  that  a  discussion  of  the  subject 
is  intended  only  to  be  tentative  and  suggestive,  speculation  may  lead 
to  the  accumulation  of  facts  which  otherwise  would  be  overlooked. 

Perry '  proposed  to  classify  the  volcanoes  of  l^izon  into  three  lines 
nearly  parallel  to  one  another.  The  three  trend  northwesterl}'.  One 
includes  Mariveles  and  Taal,  a  second  Arayat  and  Baniijao,  the  third 
Mayon.  The  Mariveles-Taal  system,  in  Perry's  opinion,  passed 
southward  through  Si(iuijor  and  Mindanao,  including  the  volcanoes 
Macaturin  and  Sanguil ;  it  took  in  Ternate  and  probably  reached  the 
Banda  group.  Mr.  von  Drasche  '^  called  attention  to  the  fan-shaped 
disposition  of  the  islands  and  to  the  forking  of  Masbate,  one  prong  of 
which  is  parallel  to  southern  Luzon  and  the  other  to  Negros  and  Cebu. 
Mr.  Centeno,  in  his  Menioria,''  distinguished  two  systems,  one  passing 
through  Arayat,  Taal,  central  Mindoro,  Canlaon,  and  Macaturin  ;  the 
other  through  Mayon,  Burauen  (in  Lej'te),  Camiguin  de  Mindanao, 
Apo,  and  Butulan.  He  regards  the  two  systems  as  uniting  to  the 
south  of  Mindanao,  their  prolongation  passing  through  Sanguir  and  to 
the  Moluccas.  He  also  refers  to  the  northerly  continuation  of  the 
volcanic  system  of  the  Philippines  toward  Formosa,  but  without 
specifying  the  relations  of  the  northern  portion  to  the  more  south- 
erly lines.  Mr.  Abella*  called  attention  to  the  continuity  of  the 
volcanic  phenomena  in  Leyte  northward  through  Biliran,  Maripipi, 
etc.,  to  the  volcano  Bulusiin,  and  to  Mayon  in  southern  Luzon,  as 
well  as  southward  to  the  eastern  coast  range  of  Mindanao.  Mr.  Koto' 
gives  the  Philippines  a  single  b(dt  of  active  volcanoes.  From  the 
Babuyanes  and  Cape  Kngano  it  passes  out  to  sea,  reaching  land  again 
in  Camarines  Norte  and  including  Biliran  and  Camiguin  de  Mindanao 
in  its  course.  In  the  (julf  of  Davao  it  forks,  one  bran(;h  reaching 
Sanguir  and  Celebes  and  the  other  Talaut  and  (lilolo.  This  scheme 
omits  the  active  volcanoes  Miuaturin,  Magaso,  Canlaon,  and  Taal. 
Mr.  Koto,  however,  adds  tectonic  lines.  Two  of  these  diverge  from 
Masbate;  th(^  eastern  branch  crosses  the  volcanic  belt  in  Leyte  and 
follows  the  eastern  coast  range  of  ^Mindanao  ;  the  other  branch  fol- 
lows Negros  and  western  Mindanao  to  Jolo.  A  third  tectonic  line 
follows  the  Sierra  de  Zambeles;  leaving  thi'  shore  at  Mariveles. 
it  intersects  Ambil  and  follows  Palawan  to  Kiiiu  Ualii.  in  r.ornco. 
reaching  the  center  of  that  great  island. 

Tli('S(>  notes  suffice  to  show  that,  so  far  as  details  are  concerned,  theie 
is  considerable  diversity  of  opinion.  To  my  thinking,  too  nuich  etlort 
has  been  made  to  show  unbroken  continuity  of  volcanic  zones.  Fis- 
sures occur  far  more  often  in  parallel  systems  than  singly,  and  just  as 
dikes  frecjuently  jump  from  one  tissui'c  of  such  a  system  to  another, 

'  I)o<ument.s,etc.,1860,p.35.  sFragiiu'iitf.p.:!.  »Mem.ge<ili')Kni'i'-.l»'<5.P-8- 

♦Islii  du  Bilinln.p.  U.  ^Cii'ol.stnu't.  Malny  nrrh..i>.  112. 
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SO  I  think  do  the  greater  volcanic  phenomena.  Fissures,  furthermore, 
common!}'  occur  in  two  sA'stems,  cutting  one  another  at  a  large  angle, 
and  there  are  somewhat  clear  indications  that  such  is  the  case  with  the 
volcanic  belts  in  the  Philippines  south  of  Manila.  These  two  s_ystems 
are  approximately  parallel  to  the  two  prongs  of  Masbate,  but  each  is 
curved,  the  cent(>rs  of  curvature  lying  in  the  China  Sea,  one  of  them 
much  to  the  southward  of  the  other.  I  should  consider,  provisionally, 
that  the  elevations  of  northwesterly  trend,  such  as  the  mountains  of 
eastern  Mindanao,  Leyte.  Tayabas,  Mindoro,  northwestern  Panay,  and 
perhaps  the  northern  extremity  of  Palawan,  belong  to  the  one  system, 
but  represent  a  considerable  number  of  different  though  associated 
fissures.  The  trends  of  the  northeasterly  character  also  seem  to 
belong  to  one  system.  The  western  fork  of  Masbate  appears  to 
continue  to  northeastern  Panay,  but  to  be  interrupted  with  an  offset 
in  the  southwestern  portion  of  that  island.  The  southerh^  prolonga- 
tion, it  seems  to  me,  is  to  be  found  in  the  Cagayanes.  Of  course  Pala- 
wan. Negros.  excepting  the  southern  end,  and  the  Basilan-Jolo  group 
belong  in  this  s\-stem.  So  nearly  as  I  can  make  out  b}'  plotting,  the 
two  sj'stoms  intersect  at  pretty  constant  angles  of  about  60°.  A  fairly 
consistent  and  satisfactory  scheme  of  short  arcs  can  be  arranged  in 
this  way  for  the  ranges  south  of  Manila,  but  I  hesitate  to  print 
my  diagram,  because  a  map  conveys  an  impression  of  certainty  and 
dciiniteness  which  in  this  case  would  be  erroneous.' 

To  the  northward  of  Manila  the  same  scheme  of  ranges  seems  less 
plausible.  I  am  almost  inclined  to  think  that  the  Sierra  Madre  and 
the  Caraballo  del  Norte,  which  are  composed  largely  of  crystalline 
schists,  are  each  made  up  of  short  arcs  belonging  to  each  system. 
Some  support  for  this  guess  is  to  be  found  in  Mr.  d' Almonte's  large 
map  of  Luzon,  where  the  watersheds  show  several  zigzags.  This 
region  is  perhaps  a  "  horst"  in  Mr.  Suess's  sense.  As  for  the  Sierra 
Zambales,  it  seems  to  me  most  probable  that  it  continues  southward 
through  Pico  de  Loro  and  Cape  Santiago  to  the  lofty  Alcon  Peak,  in 
Mindoro,  and  so  into  Panay,  for  a  series  of  hot  springs  extends  south- 
ward from  Mariveles  through  Pico  de  Loro  to  Balayan,  near  Cape 
Santiago,  in  Batangas  Province.^  The  western  range  of  middle  Luzon 
would  thus  be  affiliated  with  the  system  with  a  northwesterly  trend. 
Mr.  von  Drasche,  however,  calls  attention  to  the  fact  that  the  Sierra 
Zambales  exhibits  a  remarkable  double  repetition  of  the  two  main 
directions  of  Luzon,  one  northerh',  the  other  northwesterly.^  With 
Ararat  I  can  do  no  better  than  leave  it  in  its  impressive  loneliness. 

It  is  not  only  in  the  matter  of  volcanic  zones  that  the  Sunda  and 
Banda  islands  are   homologous  with  the  Philippines.     The  volcanic 

1  Dana  called  attention  to  the  symmetry  exhibited  in  the  trends  of  the  islands.    "Thus  the  body  of 
Luz6n  is  at  right  angles  with  the  southern  extremity;  Palawan  is  at  right  angles  nearly  with  Min- 
doro," etc.    He  also  points  out  that  both  of  the  two  systems  of  trends  are  curved. 
'  Abella,  Man.  min.,  2d  study,  1893,  p.  70.  ■'  Op.  cit.,  p.  21. 
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locks  of  the  southern  islands,  as  has  been  pointed  out  above,  are  sub- 
.stantiall}-  indistinguishable  from  those  met  with  in  the  Asiatic  depend- 
ency of  the  United  States.  These  ishinds  are  occupied  to  a  hirge 
extent  by  Tertiary  strata,  and  have  undergone  slow,  recent  uplift 
marked  by  raised  coral  reefs.  Even  their  older  massive  rocks  seem 
much  the  same  as  in  Luzon,  but  they  also  contain  Paleozoic  and 
^lesozoic  strata,  not  yet  discovered  in  our  possessions. 


ISTOTES  ON  HISTORICAL,  GEOLOGY. 

Pre-Tertiary  strata  are  entirely  unknown  in  the  Philippine  Islands. 
Whether  they  are  absent  or  merely  undetected  is  questiona!:)le.  If 
they  are  absent,  it  must  either  be  because  the  elevation  throughout  the 
Paleozic  and  Mesozoic  was  as  least  as  great  as  it  now  is,  or  else  because 
the  sediments  of  those  periods  have  since  been  removed  by  erosion. 
In  either  event  it  might  be  expected  that  the  archipelago  would  stand 
on  a  very  extensive  submarine  plateau,  built  up  of  sediments  derived 
from  the  land  area.  Such  is  not  the  case;  the  islands  now  stand  high, 
and  about  three-quarters  of  the  total  platform  area  is  dry  land. 
Furthermore,  the  greater  part  of  the  submerged  territor}^  lies  either 
immediately  west  and  south  of  Ssimar,  and  thus  between  the  Visaya 
Islands,  or  about  the  Jolo  group;  while  a  rise  of  100  fathoms '  would 
add  very  little  to  the  area  of  either  Luzon  or  Mindanao.  There  is 
thus  no  physiographical  reason  to  suppose  pre-Tertiary  strata  absent. 

Still  less  does  analogy  point  to  the  absence  of  Paleozoic  or  Mesozoic 
beds,  for  both  are  fairly  abundant  in  the  Sunda  Islands,  while  mani- 
fold similarities  show  that  the}'  and  the  Philippines  belong  to  a  single 
geological  and  to  a  single  zoological  province.  If  such  strata  exist,  it 
may  be  that  they  are  so  folded  up  with  the  greatly  disturlied  Eocene 
that  they  have  not  hitherto  been  differentiated.  From  the  descriptions 
of  Surigao  and  Misamis,  it  would  seem,  too,  that  considerable  areas  of 
slate  are  there  exposed  and  that  portions  of  these  rocks  are  not  highly 
metamorphosed.  This  region  may  i)ossibly  yield  fossils.  In  carrying 
on  geological  investigations  in  tiic  Philippine  Islands,  the  indications 
afforded  by  the  constitution  of  neighboring  islands  should  evidently 
be  borne  in  mind,  for  if  the  similarities  which  might  be  expected  do 
not  manifest  themselves,  the  cause  of  difference  demands  elucidation. 

In  Borneo  pre-Tertiary  strata  appear  to  be  somewhat  extensively 
de\eloped.  Of  the  sujjposed  l)e\onian,  Mr.  Posewitz'^  writes  as 
follows: 

On  tho  islaiulH  of  the  JMiihiy  .\rcliii)i'lat;i)  tlu-  oldest  slates,  in  which  up  to  a  .^hort 
time  a>:o  no  fossils  had  been  found,  are  included  in  the  so-called  "old  slate-forma- 
tion," to  distinguish  them  from  the  "younjjer  slate-formation,"  which,  in  Sumatra,  ia 


1  This  is.,  of  course,  not  a  mere  arbitrary  depth,  but  ni>proximately  the  lower  limit  of  wave  action. 

2  Borneo,  Its  Geological  and  Mineral  Resources,  p.  Ki-l.  London,  1892. 
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included  by  Verbeek  in  tlie  Culm  Measures.  Their  distribution  is  very  extensive,  as 
they  occur  in  all  the  islands.  In  Borneo  they  contain  gold;  in  Bangka  and  Billiton, 
tin.  AVith  regard  to  the  age  of  these  phyllites,  it  was  only  known  up  to  quite  lately 
that  they  were  pre-Carboniferous,  as  the  Carboniferous  strata  in  Sumatra  are  under- 
lai<l  by  them.  In  recent  years,  however,  fo.ssils  have  been  found  in  west  Borneo, 
which,  however,  are  so  badly  i)reserved  that  up  to  the  present  an  exact  determina- 
tion of  their  age  ha.«  not  In-en  made.  But  the  fossil  evidence  is  not  against  the  view 
that  the  formation  might  be  Devonian.' 

It  is  perhap.s  from  analogy  with  these  slates  that  Mr.  Montano  pro- 
nounces the  ancient  massive  rocks  of  the  Philippines  ""principally 
Devonian."-  It  would  certainl}'  be  surprising  if  none  of  the  older 
.schistose  rocks  of  the  Philippines  should  turn  out  to  be  equivalent  to 
the  old  .slate  of  Borneo.  In  Sumatra,  Verbeek  considers  this  old  slate 
as  Silurian  or  Devonian,  or  a  mixture  of  both.^  The  Carboniferous  is 
known  to  exist  on  Borneo  and  other  of  the  Sunda  Islands.  It  seems 
to  pass  by  insensible  gradation.^  into  the  underlying  slates,  but  to  be 
.separated  by  a  sharp  unconformability  from  the  overlying  rocks.  It 
is  compo.sed  of  sandstones  and  limestones,  often  standing  on  edge.  It  is 
extensively  developed  in  north  Borneo.*  The  I'^pper  Jurassic  (weisser 
Jura)  has  been  detected  in  west  Borneo  in  rock  previou.sly  supposed 
to  l)elong  to  the  "old  slates,"*  and  from  the  .same  region  Liassic  fossils 
have  been  descriljcd."  In  Sarawak,  too.  an  Oolitic  fossil  lias  l)een 
found.' 

The  Cretaceous  is  also  rcjjresentcHl  in  tlie  mountains  of  west  Borneo. 
Specimens  collected  Ijy  van  Schelle  near  Sajor,  on  the  River  Seberuang, 
were  determined  by  Boettger  and  (xeinitz  as  Upper  Cretaceous.  The 
extent  of  the  Cretaceous  is  unknown." 

Most  of  the  area  of  Borneo  i.s  occupied  by  Tertiary  strata,  and  there 
seems  no  doubt  that  all  three  divisions  of  the  Tertiary  are  I'epresented. 
Their  delimitation  is  not  .so  certain. 

In  the  Island  of  Timor  occur  both  Permian  and  Triassic  strata,  fos- 
sils from  which  have  been  identified  by  Mr.  Kothpletz."  With  them 
are  found  numnuUitic  limestones  containing  AlveoUna,  and  capped  by 
reef  limestones.  This  island  further  contains  a  sei'ies  of  massive  rocks 
very  like  that  of  the  Philippines.  On  this  subject  and  for  further 
information  the  reader  will  do  well  to  consult  Mr.  B.  Koto's  excellent 
review.'" 

The  age  determination  of  the  Malaysian  formations,  both  Mesozoic 
and  Tertiarv,  is  a  matter  of  extreme  difficulty,  and  has  led  to  much 

1  Jaarboek  van  het  Mynwezen  in  Nederlandsch-Indie,  1886,  11,  p.  122. 
^Mission  aux  lies  Phil.,  1881,  p.  272.    Montano  gives  no  grounds  for  his  assertion. 
3  Posewitz,  Borneo,  p.  166.    Verbeek,  Sumatra's  Westkust,  pp.  237-238. 
<Posewit2,  ibid.,p.  167. 

'-Tt.  Vogel,  Samml.  geol.  Reichs-Museums  en  Leiden,  Vol.  V,  1896,  p.  127. 
op.  G.  Krause,  ibid.,  p.  1.54.  '  R.  B.  Newton,  Geol.  Mag.,  1897,  p.  407. 

8  Posewitz,  ibid.,  p.  173.  '-'Am.  Naturalist,  1891,  p.  959. 

'"On  the  geologic  structure  of  the  Malayan  Archipelago:  Jour.  Coll.  Sci.,  Tokyo,  Vol.  XI,  1899,  pp. 
i-o-rjO.    This  paper  contains  a  few  inaccuracies  of  statement  concerning  the  Philippines. 
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luiavoidable  difference  of  opinion,  because  the  subject  can  be  approached 
from  different  points  of  view.  No  deposits  have  yet  been  discovered 
whicli  serve  to  establish  a  direct  connection  between  Tertiary  strata  of 
the  East  Indies  and  those  of  the  North  Temperate  Zone,  nor  does  the 
confij^uration  of  Eurasia  give  much  hope  that  such  a  terrane  will  be 
discovered.  It  is  to  America  that  geologists  must  turn  for  a  direct 
correlation  of  formations  in  the  two  zones,  and  studies  there  will 
doubtless  throw  much  light  ultimately  on  the  East  Indian  faunas  of  the 
past.  This  is  no  place  for  a  full  review  of  the  literature  of  the  Malay- 
sian Tertiary,  but  a  few  notes  on  the  subject,  and  especially  on  the 
Eocene,  will  be  useful  to  those  readers  of  this  paper  who  happen  to  be 
unfamiliar  with  it. 

Junghuhn,'  in  his  great  work  on  Java,  attempted  no  divisions  of  the 
Tertiary,  and  even  expressed  doubts  as  to  the  validity  of  Lyell's 
three  sections  of  that  period.  In  1858  F.  von  Hochstetter^  segregated 
the  Eocene  into  three  divisions,  but  in  1866  he  modified  his  views  so 
far  as  to  refer  the  highest  of  these  to  the  Miocene.  The  two  remain- 
ing Eocene  series  were:^ 

(«)  Lower  group;  coal-bearing  system.  Many  exploitable  seams  of  bituminous 
pitch  coal  in  quartzose  sandstone  and  clay  slate.  Fossil  tree  trunks  common,  but 
few  fossil  shells,  or  none  at  all. 

{b)  Upper  group.  Orbitulite  and  nummulite  limestones;  with  compact  limestones 
and  older  coral  limestones,  heavily  developed  beds,  greatly  tilted  in  certain  localities. 

The  Miocene  he  also  divided  into  two  groups  of  marly,  tuffaceous 
beds. 

Mr.  Verbeek,  in  1875,  in  conjunction  with  Bottger,  Geyler,  and 
von  Fritsch,  subdivided  the  Eocene  of  Borneo  into  three  stages,  as 
follows :  * 

Stage  a,  sandstones  with  indurated  clays,  clay  slate,  and  coal  seams. 
Stage  /3,  soft  shales  and  marls. 
Stage  X,  limestones. 

The  observations  and  collections  of  Mr.  Verl)eek  and  others  led  to 
much  controversy,  in  which  Mr.  Martin  and  Mr.  Wichmann,  both  of 
whom  have  made  journeys  in  the  Malaysian  Archipelago,  took  an  active 
part.  Mr.  Martin,  in  187i)-8(),  laid  down  broad  jjrinciples  of  correla- 
tion which  appear  very  important.'  He  held  that  mere  comparison  of 
species  or  genera  in  tropical  and  Ijoreal  rocks  coidd  lead  to  no  trust- 
worthy conclusions,  the  tropical  faunas  being  radically  different  from 
the  coeval  European  faimas.  Age  determinations,  in  his  opinion, 
should  be  made  by  comparison  between  fossil  tropical  faunas  and  the 


1  Java.  Vol.  Ill,  1854  (Germ,  trans.),  p.  91. 
•■!.Iiihrb.  K.  -k.  geol.  Reichsanstalt,  Wieii,  Vol.  IX,  1S.W,  p.  2iM. 

3Roisc  (k-r  osterreichischen  Fregatte  Novnm  urn  die  Krde.,  geol.  Theil.  Vol.  II.  1JW6.  p.  H9. 
<Di('  Kociinformntidii  von  Borneo  und  ihre  Venstoinoningen,  lS~h,  p.  4. 

f'Tcrtiiir.Hchichton  nuf  Java,  allg.  Theil,  1879-80,  p.  21.     See  also  Sammlungen  des  geol.  Reichs- 
Museum.s  in  Leiden  Vol.  V,  1899,  p.  2.')9. 
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living-  fauna  in  the  same  region.  Yet  even  this  method  is  held  to  be 
inapplicable  in  the  precise  form  worked  out  for  the  European  Ter- 
tiary, for  in  the  Tropics  physical  conditions  vary  so  much  less  than 
in  boreal  regions  that  the  extinction  of  species  must  be  less  rapid, 
and  therefore  a  greater  proportion  of  living  species  is  to  be  antici- 
pated in  a  Tertiary  formation  of  Malaysia  than  in  a  homonymous  for- 
mation of  Europe.  On  these  grounds  he  declined  to  recognize  Mr. 
Verbeek's  Stage  y  as  Eocene,  and  expressed  himself  dissatisfied  with 
the  determination  of  Stage  /?. 

In  1883  Mr.  Verbeek  made  a  change  of  no  very  great  importance 
in  his  classilication  of  the  Eocene  by  adding  at  the  bottom  an  unfossil- 
iferous  basal  conglomerate,  and  l)y  characterizing  his  divisions  thus  :' 
Stage  I.  breccia  stage  :  Stage  II,  quartz  sandstone  stage  ;  Stage  III, 
marl  sandstone  stage ;  Stage  IV,  orbitoide  stage.  In  1892  fossil  evi- 
dence forced  him  to  change  his  opinion  as  to  ^  and  y^  or  III  and  IV, 
and  he  referred  the  lower  of  these  to  the  Oligocene  and  the  latter  of 
them  to  the  Upper  Miocene^  thus  reaching  nuxch  the  same  opinion  as 
Mr.  Martin  had  expressed. 

While  this  report  was  in  preparation,  Mr.  Martin  published  a  paper 
on  the  division  of  the  fossiliferous  strata  of  Java,  which  he  classifies  as 
follows:^ 

Quaternary;  consisting  of  fluviatile  anci  marine  deposits,  the  latter  rich  in  MoUusca 
and  at  some  localities  in  remains  of  whales. 

Upper  Pliocene;  represented  by  the  Kenden  beds,  rich  in  remains  of  Stegodoh  and 
Ceri-UK,  containing  also  Pilhecanttiropus  erectus  Dub. 

Pliocene-Miocene,  or  the  Java  series,  possibly  including  some  pre-Miocene  rocks. 
This  constitutes  the  greater  part  of  the  Island  of  Java  and  most  of  the  fossils  from  the 
island  which  have  been  described  come  froiri  it.  Among  them  are  Lepidocyclina  and: 
Cydoclypeus.  This  series  extends  northward  through  the  Philippines  to  central 
Japan. 

Eocene;  marine  beds  of  small  extent  with  nummulites,  AlveoUna  and  Orfliopltrag- 
mina.    Thej'  contain  coal. 

Cretaceous  limestone  with  Orbitolina  from  Banjumas.  This  rock  is  not  known  to 
exist  at  any  other  point  in  Java. 

For  the  purposes  of  Philippine  geology  it  is  important  to  remark 
that  the  series  which  carries  the  black  lignites  accompanied  by  quartz- 
ose  sandstones,  has  been  regarded  by  all  the  geologists  cited,  and  by 
most  others,  as  Eocene ;  while  there  appears  to  be  a  gap  in  the  Miocene 
of  the  Sunda  Islands  which  may  correspond  to  an  unconformability 
there,  and  which  answers  to  a  very  pronounced  discordance  in  the 
Philippines. 

The  Tertiary  of  the  Philippines  is  fairly  well  developed,  but  very 
insufiiciently  investigated.     In  presenting  his  determinations  of  the 

1  Top.  en  geol.  Beschrijving  van  Sumatra's  Westkust,  1883,  pp.  315  et  seq. 
-  Keues  Jahrbuch  fiir  Mineralogie,  etc.,  1892,  part  1,  p.  66. 

^Die  Eintheilung  der  versteinerungsfiihrenden  Sedimente  von  Java:  Sammlungen  de.s  geolo- 
gischen  Reichs-Museums  in  Leiden,  Vol.  VI,  1900,  pp.  135-245. 
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fossils  in  the  Semper  collection  Mr.  K.  Martin  has  luminousl}-  re- 
viewed the  whole  Philippine  Tertiary,  and  his  paper  should  be  in  the 
hands  of  every  student  of  the  geology  of  the  archipelago.  For  this 
reason  I  have  translated  it  in  full,  instead  of  attempting  a  mere  con- 
densation, and  my  version  will  be  appended  as  a  complement  to  this 
sketch.  While  it  is  possible  that  future  investigations  may  make 
minor  changes  in  Mr.  Martin's  conclusions,  they  appear  adequately  to 
represent  the  best  results  which  can  be  reached  until  much  further 
investigation  of  the  islands  has  been  accomplished. 

The  Eocene  has  been  recognized,  thus  far,  only  in  the  nummulitic 
limestones.  These  were  first  discovered  by  Baron  F.  von  Richthofen 
at  Binangonan  on  Laguna  de  Bai,  in  Morong  Province.  They  were 
detected  in  stone  quarries  northeast  of  the  town,  where  the  limestone 
projects  in  a  pillar-like  mass  through  trachyte.  The  immmulites  are 
mentioned  as  belonging  to  several  species,  but  no  specific  determina- 
tions are  given.  He  considers  the  barren  limestone  of  the  caves  near 
San  Mateo  and  those  of  Jala-Jala  on  Laguna  de  Bai  of  the  same  age. 
The  limestones  are  crystalline  at  their  contact  with  trachyte.  At 
Zamboanga  (Mindanao)  he  found  similar  limestones,  though  no  fossils  ; 
and  believed  that  the  excellent  brown  coal  found  in  the  Bay  of  Sibu- 
guey,  in  Zamboanga  Province,  belongs  to  the  same  formation.'  ]\Ir. 
Abella  also  found  nummulitic  limestone  in  Cebii,  at  Ginagdanan.  a 
gulch  within  about  three-fourths  of  a  mile  from  the  Esperanza  coal 
mining  prospect,  in  the  township  of  Compostela,  a  feAV  miles  to  the 
north  of  west  from  the  town  of  that  name.  This  is  on  the  east  coast 
of  Cebii,  in  latitude  10^  25'.  The  position  of  the  mine  seems  to  be 
marked  on  Mr.  Abella's  map,  though  not  its  name.  The  .fossils  were 
so  imperfect  that  the  species  could  not  be  determined. 

Mr.  Abella  in  describing  his  Conipostela  section  gives  the  following 
notes  :  ""In  the  rocks  of  this  section  we  found  among  the  lignites  and 
sandstones  of  the  mines  only  a  few  fossil  plants,  which  were  indeter- 
minable ;  and  among  the  limestones  certain  indistinct  forms  half  con- 
verted into  spar  which  could  art'ord  no  certain  indication  as  to  their 
age.  Nevertheless,  in  breaking  some  pieces  of  limestone  from  Ginag- 
danan, we  found  included  in  tiic  compact  mass  certain  forms  which, 
though  specifically  indeterminal)le,  should  be  considered  as  nunnnulites 
in  the  opinion  of  various  competent  persons."  He  adds  that  such 
was  the  opinion  of  Mr.  Jose  MacPherson,  who  perceived  a  striking 
similarity  lietween  specimens  of  these  strata  and  those  of  imnunulitic 
limestone  in  the  Province  of  Cadiz,  Spain,  which  he  had  studied.'^  It 
should  be  added  that  the  strata  between  the  mine  and  the  fossil  locality 
are  very  liighly  inclined,  a  part  dipping  to  the  northward  and  a  part 
to  the  southward  ;  so  that  the  lignite  and  the  fossiliferous  limestone 

> Zeitschr.  D.  geol.  Gesell.,  Vol.  XIV,  1862,  pp.  .V)7-3(>0.  » lala  de  CebU,  1886.  p.  109. 
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might  be  of  very  different  ages  so  far  as  the  stratigraphy  is  con- 
cerned. 

Chiefly  on  the  strengtli  of  this  discovery,  Mr.  Abella  regards  a  large 
area  in  Cebii  as  Eocene.  It  consists  of  "claj's  and  marls  in  a  compact 
or  slaty  condition  ;  sandstones,  calcareous  sandstones,  and  conglom- 
erates; compact  or  crystalline  limestones  and  some  lignite  seams  ;  all 
of  these  in  beds  which  have  undergone  extreme  disturbance."  ' 

I  nmst  confess  that  the  paleontological  evidence  as  to  the  existence 
of  the  Eocene  in  the  Philippines  seems  to  me  far  from  satisfactoiy. 
In  Borneo  no  numnudites,  it  is  said,  occur  in  Mr.  Verbeek's  Stage  a. 
the  onh'  beds  now  considered  Eocene,  while  one  species  is  found  in  the 
Oligocene  (/?)  and  four  in  the  upper  Miocene  (y).^  In  British  India, 
Burma,^  and  Timor,  indeed.*  luumnulitic  Eocene  is  n^cognized,  but 
it  would  seem  ])rol)able  a  priori  that  the  Philippine  luimnuditic  beds 
would  be  comparal)le  with  those  of  the  adjacent  Island  of  Borneo 
rathei-  than  with  the  far-away  formations  of  Burma  and  Timor.  T  can 
see  no  reason  as  yet  why  the  Binangonan  limestones  may  not  be 
Oligocene  or  even  Miocene.'  On  the  other  hand,  there  seem  to  me 
structural  reasons  for  correlating  the  lignitic  series  of  Ce})u  with 
Verbeek's  Stage  «,  as  will  be  explained  a  little  later.  While  desii'ing 
further  light,  however,  I  fuUv  recognize  Mr.  Martin's  authority  on  the 
paleontological  (piestion  involved. 

Two  horizons  of  the  Upper  Miocene  have  been  detected.  The  earlier 
is  revealed  b}'  the  collections  of  that  model  explorer,  Semper,  He 
found  fossiliferous  beds  in  the  valley  of  the  Rio  Grande  de  Caga\'an, 
Province  of  Isabela,  Luzon,  which  are  characterized  ])y  a  typical  nml- 
lusk  Yicarya  ailloxa  rienk,  var.  nov.  .scmp/rl  Mart.  They  occur  in  the 
neighborhood  of  a  place  which  Semper  calls  Minanga,  in  latitude  17'-', 
which  seems  to  be  the  town  named  Malunu  on  ^Ir.  d'Almonte's  map. 
It  may  be  that  Minanga  is  the  name  of  a  sulmrb  (barrio)  of  ^lalunii. 
A  considerable  mmiber  of  species  where  collected  on  the  banks  of  the 
Catalangan  River,  and  on  the  banks  of  the  Ilaroen,  which  latter  appears 
to  be  identical  with  the  Tarretic  of  the  Spanish  geographer's  map. 
Another  important  locality  is  the  brook  called  by  Sempiu-  Dicamui 
and  seemingly  also  Dicamuni.  In  a  note  to  Mr.  Martin's  paper  I  have 
given  reasons  for  believing  that  this  stream  is  also  near  Minanga. 
The  same  Yicarya  was  also  collected  by  Semper  at  Alpaco,  in  Cebu. 
This  is  in  the  coal  region  not  far  from  Naga,  and  seemingly  comes 
from  a  marl  overlying  the  Eocene  limestones,  which  is  referred  to  by 
Mr.  Abella  as  cropping  at  the  head  of  the  ai-royo  Sibod." 

•  Isla  de  Cebu,  1886,  p.  95.  2  Posewitz,  Borneo,  1892,  p.  197. 

sGeikie,  Text-book  of  Geol.,  1893,  p  981.  ■'See  Koto,  loe.  cit.,  p.  92. 

6  While  there  is  little  doubt  that  tropical  strata,  both  in  the  East  Indies  and  the  West,  have  been 
regarded  as  more  recent  than  they  are  because  of  the  strong  .similarity  of  fossil  shells  to  living  species, 
it  should  be  noted  that  in  the  Torrid  Zone  masses  of  coral  limestones  are  sometimes  transformed  with 
great  rapidity  into  masses  so  dense  as  to  bear  great  lithological  resemblance  to  rocks  of  far  greater 
antiquity.  « Isla  de  Ceb<l,  1886,  p.  114. 
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The  occurrence  and  character  of  this  marl  require  attention  both  for 
its  own  sake  and  because  of  its  relations  to  the  other  rocks  of  Cebu. 
After  having-  described  the  massive  rocks  of  the  island  and  the  con- 
torted lig-nitic  series,  which  he  considers  Eocene,  Mr.  Abella  proceeds 
to  describe  his  Quaternary  formation,  and,  incidentally,  certain  marls. 
Extracts  from  these  descriptions  had  best  be  given  in  literal  transla- 
tion })ccause  of  the  importance  of  the  points  involved.^ 

Surroundinj;  the  rocks  hitherto  described  on  every  side,  lies  an  essentially  calca- 
reous terrane,  which,  in  general  terms,  may  be  said  to  pass  over  into  the  coral  reefs 
on  the  coast  and  to  rise  toward  the  interior,  forming  masses  as  high  as  those  in 
Mount  Mangilao.  In  addition  to  the  limestones,  there  is  exposed  at  many  points 
beneath  them  a  bed  of  marl,  more  or  less  argillaceous,  which  must  be  referred  to 
this  formation,  since  its  stratification  is  always  concordant  with  the  limestone  and  it 
contains  fossils  similar  to  those  found  in  the  limestone.  This  bed  can  only  be  seen 
toward  the  central  portion  of  the  island  and  toward  the  south,  in  its  widest  portion, 
generally  appearing  at  the  bottom  of  the  deepest  ravines.  [At  Magdagoog,  in  the 
district  of  Consolacion,  which  is  on  the  eastern  coast,  he  found  such  a  marl  dipping 
at  20°  to  the  .southeast.  It  is  grayish  white,  and  almost  plastic  when  extracted,  but 
hardens  rapidly  on  exposure.]  Among  the  many  fossils  found  in  it,  in  addition  to 
the  species  which  are  mentioned  later,  we  found  the  genera  Cancer,  Dolium,  and 
CycloUtes.  This  Cyclolites  we  also  found  in  the  Compestela  road  where  it  crosses  the 
first  hills  near  the  coast.  *  *  *  At  Mount  Alpaco,  again,  appears  another  bed  of 
gray  fossiliferous  marl,  analogous  to  that  at  Magdagoog,  but  in  circumstances  which 
are  entirely  exceptional  in  the  matter  of  position.  In  fact,  it  is  found  isolated,  over- 
lying the  mass  of  compactly  crystalline  limestone  of  the  old  road  to  the  mines,  and 
seemingly  with  a  dip  of  50°  to  the  northeast.  In  it  we  collected  a  large  portion  of  the 
well-preserved  fossils,  which,  when  determined,  as  we  shall  see  further  on,  have 
turned  out  to  be  identical  with  living  species,  demonstrating  the  recent  age  of  the 
bed.  Moreover,  we  have  found  other  marls,  identical  in  composition  and  containing 
similar  fossils,  always  lying  under  the  limestones  with  conformable  stratification,  not 
only  at  the  bottom  of  the  beds  of  the  rivers  Bairan  and  Sapangdaco,  bufalso  in  the 
gulch  Jaguiniit  of  the  Pandan  Valley  .so  close  by  [the  Alpaco  locality].  We  must, 
therefore,  rationally  suppose,  as  we  have  previously  indicated,  that  some  landslide  or 
other  local  convulsion  has  brought  this  marl  lied  into  a  certain  sort  of  association  with 
the  nuMiniulitic  limestone  of  Alpaco,  at  a  distance  from  the  coar.sc  limestones  of  the 
coast,  to  which  fo;-mation  it  must  be  referred.  [The  reference  in  the  last  .sentence 
is  to  the  passage-  noticed  by  Mr.  Martin.  .\t  Jaguimit,  Mr.  Abella  .says  the  stratifi- 
cation of  the  older  series  is  very  confused  and  didicultof  elucidation,  the  dips  being 
45°  to  the  NE.,  whilea  little  more  to  the  westward  they  are 40°  to  the  SE.]  Continu- 
ing farther  toward  the  valley  of  Alpaco  a  trench  is  crossed  which,  at  that  point,  is 
excavated  in  a  rather  crystalline  limestone.  This,  judging  from  its  position,  would 
seem  to  be  related  to  the  limestone  of  Sayao,  but  appears  to  dip  in  the  contrary  sense; 
that  is  to  say,  at  55°  to  the  NNE.,  its  stratification,  however,  being  confused  and  diffi- 
cult of  exact  determination.  Moreover,  to  complete  the  confusion  above  the  lime- 
stone, even  at  the  head  of  (en  vertientes  de)  the  Sibod  gulch,  apjiears  a  stratum  of 
fossiliferous  marl,  which  can  not  be  considered  as  belonging  to  this  terrane  either  on 
account  of  its  lithological  character  or  because  of  the  fossils  which  it  contains. 

The  head  of  Sibod  Gulch  seems  to  be  on  Mount  Alpaco  (1,526  feet) 
and  less  than  2  miles  from  the  mines,  which  stand  978  feet  a])ove  sea 
level.     When  Semper  visited  the  mines  lie  must  have  crossed  this  marl 


1  Isla  de  Cebtl,  1886,  pp.  120  to  12<).  "  Ibid.,  pp.  113-114. 
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bed,  which  contains  well-preserved  fossils  and  Avould  seem,  from  Mr. 
Abella's  description,  to  be  the  onl}'  known  locality  thereabout  where 
good  fossils  occur  or  are  likely  to  be  found.  Mr.  Abella  states  that 
the  lignitic  series  (at  least  except  at  this  one  locality)  contains  no  mate- 
rial resembling  this  almost  plastic  marl,  and  such  is  certainly  my 
o))servation  both  in  Cebu  and  in  Negros.  In  the  lignitic  series  he  was 
never  able  to  find  any  well-marked  fossils.  Hence,  it  is  highly  improb- 
able that  Semper  could  have  found  so  striking  an  object  as  a  deter- 
minable Vicarya  excepting  in  this  marl.  Mr.  Martin  in  his  paper  on 
the  Philippine  Tertiary  made  no  express  mention  of  the  material 
attached  to  Semper's  specimen,  but  had  this  not  been  compatil)le  with 
its  derivation  from  marl,  Mr.  Martin  would  never  have  concluded  it 
■'very  probable  that  at  this  point  Eocene  limestones  are  overlain  by 
Miocene  marls." 

In  response  to  a  letter  of  inquiry  ^Ir.  Martin  has  been  good  enough 
to  write  me  as  follows: 

In  the  Semper  collection,  and  labeled  "  fossiLs  from  the  argillaceous  strata  of  the 
coal  mines  at  Alpaco,"  there  are  fragments  of  a  light-colored,  bluish-gray,  friable 
earth}'  marl,  which  is  full  of  fossil".  After  moistening,  these  last  are  easily  extracted; 
but  the  shells  were  in  part  fragmentary  when  they  were  embedded;  others  were 
well  preserved,  but  have  been  injured  by  careless  handling  or  remain  only  as  ('asts. 
For  these  reasons  I  have  been  able  thus  far  to  identify  no  species  and  only  the  genera 
Pecten,  Cardita,  a.nd  ConHti(?).  There  are,  however,  also  numerous  Foraminifera  and 
among  them  with  certainty  a  few  Orbiloi(le.i.  Accordingly,  these  marls  can  not  be 
younger  than  the  Miocene;  possibly  they  are  still  older,  a  point  which  there  is  reason 
to  hope  may  l)e  determined  by  examination  of  the  middle  chamber.  Judging  from 
the  adherent  matrix,  the  same  beds  have  yielded  a  small  Nalica  and  a  small  Ancilla- 
ria,  both  in  a  large  number  of  well-preserved  specimens.  Perhaps  the  Vicarya,  too, 
is  from  the  same  beds,  for  from  its  state  of  preservation  it  must  come  from  strata 
which  are  petrographically  extremely  similar.  If  the  marl  with  Orhitoide.H  should 
turn  out  to  be  Miocene,  it  will  be  in  the  highest  degree  probable  that  the  Vlcanja 
belongs  with  them.' 

Taking  all  these  various  circumstances  into  consideration,  it  is  prac- 
tically certain,  to  mv  thinking,  that  Semper's  Vicarya  came  either 
from  the  same  marl  beds  where  Mr.  Abella  also  collected  a  consider- 
able number  of  different  species  or  from  a  stratum  conformably  asso- 
ciated with  them.  These,  however,  have  all  been  determined  by  the 
Spanish  geologists  as  post-Pliocene.  Unfortunately,  in  his  list  of  29 
fossils  belonging  to  living  species,  Mr.  Abella  does  not  give  the  local- 
ities sejDarately.  The  discovery  of  living  species  in  the  marl  does  not, 
of  course,  preclude  its  determination  as  Miocene.  Strangely  enough, 
however,  not  one  of  the  fossils  determined  for  Mr.  Abella  b}^  Mr, 

1  Later  Mr.  Martin  was  so  obliging  as  to  write  ' '  that  the  Orbitoides  referred  to  belong  to  Lepidocyclina, 
as  has  been  detennined  in  very  interesting  sections  prepared  from  them.  The  strata  concerned  are 
therefore  post-Eocene  and  older  than  the  Pliocene.  They  correspond  to  an  horizon  of  the  Java 
group  and  are  to  be  regarded  as  Miocene." 

The  inferences  drawn  in  the  text  are  thus  confirmed  by  very  weighty  evidence.  The  information 
reached  me  only  in  time  for  insertion  as  a  footnote,  the  small  type  of  which  will  not  derogate  in 
minds  of  professional  readers  from  the  importance  of  the  fact  recorded. 
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(ionziiloz  Hidalgo  is  specificall}^  identical  with  Mr.  Martin's  list  of 
Miocone  fossils  from  near  Minanga,  unless  "Capucimex"  is  a  misprint; 
l)ut  the  following  correspond  generically: 

C'oiuis  insculptus  Kiener. 
Fussus  [Fusus]  colosseus  Lam. 
Murex  capiiciiiiex  [capucinus?]  Chcin. 
Murex  endivia  Lam. 
Venus  magiiifica  (?)  Sow. 

I  can  see  no  reason  for  doubting  that  Mr.  Abella  is  correct  in  regard- 
ing the  Alpaco  marl  as  belonging  with  the  series  the  most  strikuig 
portion  of  which  is  the  mantle  of  coarse  coralline  limestone.  Mr. 
Koto,  however,  infers  from  the  literature  that  Semper's  fossil  deter- 
mines the  age  of  the  lignite.'  Now  it  is  absolutely  certain  that  there 
is  one  great  unconformability  both  in  Cebu  and  in  Negros.  It  lies 
between  the  lignitic  series  and  the  coral  mantle.  Mr.  Abella's  obser- 
vations seem  to  show  that  certain  marls  form  the  most  ancient  portion 
of  the  coral-reef  series.  He  regards  the  Alpaco  marl  bed  as  excep- 
tional, seemingly,  however,  only  because  it  is  not  accompanied  by  the 
coarse  reef  coral.  I  see  nothing  incomprehensible  in  this.  In  the 
neighborhood  of  Mount  Uling,  a  few  miles  to  the  northward  of  Alpaco, 
I  had  ample  opportunity  to  observe  that  the  blanket-like  mass  of  reef 
coral  has  been  cut  away,  undermined,  and  dissolved  b}^  surface  waters. 
That  at  some  point  or  points  the  soft  but  relativeh^  insoluble  marl 
should  remain,  after  the  removal  of  the  superjacent  limestone,  would 
not  be  wonderful,  and  such  I  suppose  to  be  the  origin  of  the  Alpaco 
bed.  As  most  of  the  marl  beds  occur  in  the  bottoms  of  water  courses, 
it  is  not  impossible  that  the  Alpaco  exposure  shows  lower  beds  of  the 
marl  than  any  other  with  which  Mr.  Abella  met,  and  that  this  accounts 
for  the  absence  of  Vican/a  fi'om  his  collections. 

Mr.  Hidalgo's  fossil  determinations  would  make  the  entire  coralif- 
erou.s  superjacent  .series  of  Cebu  Pleistocene.  This  does  not  accord 
with  Mr.  Martin's  conclusions  for  other  portions  of  the  archipelago, 
where  he  regards  the  older  coral  reefs  as  Pliocene.  It  is  almost 
impossible  to  believe  that  the  vast  mass  of  coral  on  Cebu,  rising  as  it 
does  to  the  very  crest  of  the  island,  and  in  latitude  9°  45'  reaching 
2,3H2  feet  in  elevation,  does  not  include  representatives  of  the  older 
reefs.  On  the  other  hand,  taking  Semper's  fossil  for  a  guide,  consider- 
ing also  the  astonishing  regular  terracing  of  the  southern  end  of  the 
island,  the  prevalence  of  terraces  nearly  everywhere  throughout  its 
extent,  and  the  even,  horizontal  crest  of  the  northern  part  of  Cebii, 
the  following  conclusion  might  bcdi-awn:  Ever  since  the  later  Miocene 
there  has  been  a  cojitinuous,  very  slow,  rise  of  the  island  and  exten- 
sion of  its  land  area,  raising  above  water  successively  Upper  Miocene, 
Pliocene,  and  Pleistocene  beds,  the  total   uplift  amounting  to  over 

n^Q.oit.,  p.  117. 
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2,000  feet.  Now  this  is  almost  word  for  word  the  conchision  which 
Mr.  Martin  has  reached  with  reference  to  Java.' 

The  difference  between  Semper's  discovery  and  Mr.  Abella's  results 
seems  quite  inexplicable  if  Mr.  Hidalgo's  determinations  are  precise. 
It  is  therefore  most  desirable  that  some  colleague  should  reexamine 
Mr.  Abella's  Cebuan  fossils,  which  are  doubtless  accessible  in  IVIadrid. 
It  is  an  extremely  important  feature  of  the  foregoing  discussion  that, 
if  the  conclusion  is  correct,  the  lignitic  series  of  Cebi'i  is  separated  by 
a  great  unconformability  from  the  lowest  Miocene  strata  yet  known 
in  the  Philippine  Islands.  As  the  upturned  lignitic  series  is  also  much 
eroded,  a  long  period  also  elapsed  })etween  the  folding  of  the  beds  and 
the  epoch  of  Vicaryd  (■(illoNti.  Hence  also  the  lignitic  series  may  be 
assumed  to  be  as  old  as  the  Eocene.  The  analogy  of  other  islands 
renders  it  very  improbable  that  it  is  as  old  as  the  Chalk. 

That  a  great  upheaval  took  place  late  in  the  Eocene  and  early  in  the 
Miocene,  the  effects  of  which  were  felt  from  the  Pyrenees  to  the  East 
Indies,  is  well  known.  Eocene  beds  are  found  in  the  Himalayas  up  to 
an  elevation  of  over  16,000  feet.^  It  is  natural  to  connect  the  crum- 
pling and  upheaval  of  the  strata  of  Cebii  with  this  great  earth  move- 
ment. On  the  other  hand,  I  am  surprised  to  find  little  or  no  reference 
to  such  a  convulsion  in  Borneo.  While  the  «,  or  sandstone,  stage, 
sometimes  dips  at  angles  of  over  40°,  it  is  often  far  less  inclined. 
The  later  beds,  however,  seem  to  lie  at  still  smaller  angles,  and  perhaps 
unconformabilities  will  3'et  be  found.^  It  would  thus  appear  as  if  the 
thrust  which  folded  Cebu  came  from  the  Pacitic,  and  that  its  effects 
were  most  intensely  felt  at  no  very  great  distance  from  the  edge  of 
the  continental  plateau. 

In  the  Island  of  Negros,  the  folding  of  the  lignitic  series  has  been 
similar  to  that  in  Cebii.  The  predominant  I'ock  of  this  series  along 
the  Talabe  River  is  sandstone,  which  is  accompanied  by  shales  and 
some  limestone.  The  whole  series  is  considerably  indurated.  The 
strata  are  much  distorted  and  faulted.  The  strike  is  usually  to  the  east 
of  north,  or  nearlj-  in  the  direction  of  the  axis  of  the  volcanic  range. 
The  dips  are  from  30°  to  70°  or  more,  and  it  is  clear  that  the  coral-reef 
formation,  which  is  continuous  for  some  miles  from  the  coast,  rests  on 
the  upturned  edges  of  the  lignitic  series. 

In  the  Island  of  Pana}',  which  has  been  described  by  Mr.  Abella,  the 
structure  is  less  clear.  In  the  interior  of  the  ranges  he  found  thin 
lignite  seams  and  strata  comparable  in  their  lithological  character 
with  those  of  Cebu.  The  limestones  are  in  part  crystalline,  and  they 
contain  traces  of  organisms,  probably  Foraminifera,  but  nothing  deter- 

'Xeues  uber  das  Tertiiir  von  Java,  etc.:  Samml.  des  geol.  Reichs-Museums,  Vol.  V,  1895,  p.  28. 
•'  There  can  be  no  doubt  that,  since  the  later  Miocene,  there  has  been  a  continuous  and  very  .slow 
extension  of  the  land  area,  which  has  laid  bare  in  succes.«ion  the  Upper  Miocene,  the  Pliocene,  and 
the  Qiiaternary  strata."     Verbeek's  Stage  y  is  found  at  one  point  atan  elevation  of  1,088  metere. 
'-Geikie,  Text-book  o£  Geol.,  1893,  p.  979.  ■'  Posewitz,  Borneo,  1892,  pp.  178,  181,  206. 
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minable.  The  .strata  arc  di.sturl)od  and  folded.  The  .strikes  are  in 
general  northerl}'  and  .seem,  as  a  rule,  to  follow  the  local  directions  of 
the  ranges.  The  dips  often  reach  high  values,  and  the  strata  are  .some- 
times practically  vertical.  The  angles  of  dip  usually  deci-ease  from  the 
axes  of  the  ranges.  These  older  rocks,  regarded  by  Mr.  Abella  merely 
as  Tertiary  for  lack  of  fossils,  are  surrounded  by  relatively  recent, 
coar.se,  coralline  limestones,  containing  a  few  fossils  belonging  to  liv- 
ing species.  They  pass  over  into  living  reefs  at  some  points  along  the 
shores.  They  seem  to  be  contined  to  nuich  lower  altitudes  than  are 
the  corresponding  rocks  in  Cebu.  On  Mr.  Abella's  principal  section, 
in  latitude  about  11°,  they  first  appear  near  Janiuay,  which  has  an 
elevation  of  82  meters,  and  something  like  100  meters  seems  to  be  their 
limit. 

Nowhere  could  Mr.  Abella  discover  a  discordance  between  these 
coarse  coralline  rocks  and  the  underlying  strata,  as  he  is  very  careful 
to  point  out.'  That  there  must  be  an  unconformabilit}'  somewhere  in 
the  strata  of  Panay  between  the  vertical  beds  of  the  mountain  crests 
and  the  flat  limestones  of  the  coast,  seems  almost  certain.  It  is  hardly 
possible  to  imagine  conditions  under  which  such  an  amount  of  disturb- 
ance and  folding  could  be  brought  about  in  the  upland  rocks  without 
involving  unconformability.  The  most  evident  trial  hypothesis  is 
that  the  strata  immediately  underlying  the  coral  rock  belong  to  a  for- 
mation not  earlier  than  the  Upper  Miocene,  and  that  the  discordance 
is  to  be  looked  for  below  this  horizon  instead  of  at  contact  with  the 
limestone.  The  relations  of  the  strata  in  Panay  seem  to  form  a  con- 
necting link  b(>t\veen  the  conditions  in  Cebu  or  Nogros  and  tho.se  of 
Borneo. 

On  the  reasonable  hypothesis  that  the  black  lignites  of  the  Philip- 
pines are  of  Eocene  age,  this  formation  is  very  generallv  distributed 
thi-ough  the  southern  provinces  of  Luzon  and  throughout  the  Visayas. 
Foi'  details  the  reader  is  referred  to  the  section  of  this  paper  dealing 
with  Mineral  Resources,  ])ut  the  localities  in  question  may  be  enumer- 
at(Hl  here  in  general  terms.  Black  lignites  seem  to  occur  in  Tayabas, 
Caniarin(>s  Sur.  Albay,  and  the  Island  of  Catanduanes,  in  Samar,  Mas- 
bate.  Marindu(iue,  northern  and  southern  Mindoro,  and  in  Leyte. 
Whi!(>  nothing  definite  is  known  oi  the  various  coal  seams  in  eastern 
Mindanao,  it  is  probable  that  .some  of  them  re.seml)le  the  Cebuan  fuel. 
On  the  (lulf  of  Sibuguey,  in  .southwest  ^lindanao,  there  is  black  lignite 
of  a  high  quality. 

It  may  further  be  noted  that  at  the  town  of  Lil)6n,  in  Albay.  there  is 
coiil  and  also  a  building  stone  containing  fish  scales.'-'  This  locality 
may  afford  an  opportunity  for  an  im])ortant  studv. 

The  occurrence  of  Vicarya  at  Alpaco  has  led  me  into  a  long  digres- 
sion from  the  enumeration  of  deposits,  but  where  so  little  is  known 

>  lala  de  Panay,  1890,  p.  91.  » Roth,  in  Jagor's  Reisen,  1873,  p.  349. 
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concerning  the  stratigraphy  and  the  fossil  faunas,  a  thoroughly  system- 
atic treatment  of  the  geology  of  a  region  is  impracticable. 

A  higher  horizon,  though  probably  also  Upper  Miocene,  is  repre- 
sented by  the  foraminiferous  marls  occurring  in  Zambales  Province 
along  the  west  coast  of  Luzon  up  to  400  feet  altitude,  between  Palauig 
and  Santa  Cruz.  The  Foraminifera  of  these  rocks  were  investigated 
by  Mi-.  Felix  Karrer.'  Tuffs  occur  in  the  range  of  hills  on  the  coast 
of  Aringay,  Union  Province,  Luzon,  which  Mr.  Martin  thinks  perhaps 
equivalent  to  the  Zambales  .strata  just  mentioned.  He  considers  it 
possible  that  both  these  series  belong  in  the  Pliocene.  This  formation 
has  not  been  identified  elsewhere  and  the  fossils  may  easily  be  over- 
looked, most  of  the  specimens  being  less  than  2  millimeters  in  length. 

In  discussing  the  crystalline  schists  and  older  massive  rocks,  refer- 
ence has  been  made  to  a  series  called  by  Mr.  von  Drasche  the  Agno 
beds.  They  are  extensively  developed  in  Benguet  and  Union  provinces 
(northern  Luzon),  and  unquestionably  represent  a  basal  conglomerate 
overlain  by  sandstones  and  clay.  Mr.  von  Drasche  at  first  classed 
them  as  primitive,  afterwards  as  Paleozoic;'^  while  Mr.  Abella,  who 
seems  to  have  devoted  more  time  to  them,  savs  that  the  upper  strata 
contain  lignite  and  fossil  shells  of  surviving  species.  There  seems 
nothing  in  th(>  Spanish  geologist's  description  incompatible  with  the 
hypothesis  that  the  Iowim'  part  of  the  Agno  beds  represents  the  basal 
conglomerate  formed  during  the  Miocene  subsidence  of  the  Philip- 
pines. It  is  somewhat  tempting  to  seek  in  them  the  equivalent  of 
Mr.  Verbeek's  breccia  stage  of  the  Eocene,  which  consists  of  unfossil- 
iferous  .strata  underh-ing  Stage  or;  but  the  absence  in  the  region  of 
Benguet  of  the  Cebuan  lignitic  series  and  the  character  of  the  organic 
remains  appear  to  indicate  that  this  portion  of  Luzon  was  abo\e  water 
during  Eocene  times. 

In  Misamis,  surrounding  the  gold  fields,  Mr.  Abella  found  a  lai-ge 
area  of  sedimentar}'^  rocks  lying  upon  ancient  slates.^  It  stretches 
eastward  from  Tligan  for  at  least  30  miles,  and  from  this  line  north- 
ward to  the  western  headland  of  Macajalar  Ba}'.  Its  southern  and 
eastern  limits  are  unkjiown.  The  beds  consist  of  conglomerates,  cal- 
cai'eous  sandstones,  marls,  and  limestones.  Mr.  Abella  compares  them 
to  the  Nagelflue  and  the  Molasse  of  Switzerland,  but  I  should  regard  the 
likeness  as  interesting  rather  than  as  important.  More  significant  is 
their  resemblance  to  Mr.  Verbeek's  Stage  fi  or  III.  They  are  some- 
what distorted,  a  dip  of  35°  to  the  north  being  noted  at  one  point. 
They  contain  nimierous  organic  remains,  especially  in  the  hill  ESE. 
of  the  town  hall  (tribunal)  of  Tagsulip,  but  the  fossils  are  very  imper- 
fect. Mr.  Abella  thought  himself  justified  in  referring  one  specimen 
to  Tiirhinolia.    This  fossil  and  the  general  character  of  the  deposit  led 

1  His  memoir  is  appended  to  von  Drasehe's  Fragmente. 

- Neues  Jahrbuch  fur  Mineralogie,  etc.,  1879,  p.  265. 

1  Criaderos  auriferos  de    .    .    .    Misamis,  1879,  passim. 


BECKER.]  PLIOCENE.  559 

liiin  to  refer  the  foruuition  provisionally  to  the  Miocene,  a  step  wliich 
.seems  to  uie  reas()iial)le  in  the  circumstances.  Mr.  Abella  was  not  in 
Misamis  to  make  paleontologieal  studies,  but  to  report  on  the  gold 
fields.     The  region  evidently  promises  results  to  the  paleontologist. 

Off  .lolo  Bay,  at  the  little  island  called  Marongas,  I  found  the  rocks 
soft  conglomerates  and  sandstones,  containing  fragments  of  coral  and 
basalt  p(>bbles.  The  strata  are  considerably  tilted,  and  a  heavy  basalt 
dike  intersects  them.  Possibly  these  strata  are  of  the  same  age  as  the 
Misamis  beds  just  referred  to. 

Concerning  the  Pliocene  and  post-Pliocene.  Mr.  Martin  reaches  the 
following  conclusions: 

The  beds  of  the  Agusan  Itiver  (^Mindanao)  are  Pliocene.  It  i.s  probable  that  as 
such  are  also  to  be  counted  the  hard,  light-gray  marls  of  the  River  Salac  y  Maputi 
(Mindanao)  and  the  day  beds  of  Paranas  (Siimar),  as  well  as  the  older  coral  reefs  of 
the  Philippines,  especially  those  of  Benguet,  which  are  assuredly  not  older  than  the 
Pliocene. 

Quarternary  are  the  sliell  banks  which  stand  15  feet  above  the  level  of  Laguna 
de  Bay  (Luzon),  and  those  on  the  beach  at  Paranas,  and  again  on  the  south  coast  of 
Suinar,  where,  at  Nipa-Nipa,  these  beds  reach  an  elevation  of  60  feet  above  sea 
level.  Here,  too,  belong  the  fossil  coral  reefs,  which  are  intimately  connected  with 
the  living  reefs  and  are  widely  distributed  in  the  Philippines.  With  them  belong 
the  recent  limestones  of  Cebu. 

For  further  details  the  reader  is  referred  to  the  accompanying 
paper  by  Mr.  Martin,  but  one  or  two  additional  localities  may  be 
noted.  According  to  Charles  Darwin,  Mr.  Cuming  found  a  large  bed 
of  fossil  shells  on  the  Rio  Grande  de  Cagayiin,  in  the  Province  of  Isa- 
bela,  at  Cabagan.  This  town  lies  in  latitude  17°  25'.  The  fo.ssil- 
bearing  stratum  is  about  .50  feet  above  the  river,  and  the  fossil  shells 
are  said  to  be  certainly  of  the  same  species  as  those  now  living  on  the 
shores  of  neighboring  islands.*  Cabagan  is  about  30  miles  from  8em- 
per''s  localities,  near  Minanga  or  Malunu.  I  am  not  aware  that  Mr. 
Cuming's  speciuiens  have  been  described.  Mr.  Karrer  states  that 
Mr.  Hugh  Cuming  made  collections  in  the  Philippines,  and  that, 
excepting  the  Foraminifera  turned  over  to  Dr.  Carpenter,  his  "col- 
lection of  moUusks  is  reported  to  have  been  acquired  b}-  the  British 
Museum  (Brady)."  ^  It  is  to  be  hoped  that  some  of  the  paleontologists 
interested  in  the  Far  East  will  examine  it.  Mr.  Cuming  is  .said  to 
have  .spent  the  years  1887-lS-ti  collecting  in  the  Philippines.  "When 
geological  explorers  can  again  reach  the  upper  waters  of  the  Cagayan, 
they  will  doubtless  endeavor  to  establish  stratigrapliical  inflations 
between  Cuming's  localitj^  and  Semper's. 

Mr.  von  Draschi;  heard  reports  of  the  occurrence  of  recent  shells  in 
the  great  plain  of  Luzon,  ])ut  did  not  .see  them.  Semper  regarded  the 
reports  as  probable,  but  did  not  investigate  the  matter.  Centeno, 
however,  gives  details  of  interest.' 


'  C.  Uiirwin,  Structure  and  Distribution  of  Coml  Reefs,  2d  ed.,  1874,  p.  ITS. 
on  Drasche,  Fragmente,  1878,  p.  84.  'Mem.  geol6g.-min.,  1.S76,  p.  21. 
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In  the  townships  of  Tdrlac  and  [San  Miguel  de]  Camiling,  close  to  the  lakes  of 
Canaren  and  Mangabol,  some  deposits  of  marine  fossils  were  found  in  1861  by  that 
enlightened  naturalist,  Father  Antonio  Llanos.  In  the  former,  about  half  a  league 
north  of  the  settlement,  in  a  place  called  Malitlit,  there  appear  some  beds  which 
abound  in  fossil  species  belonging  to  genera  which  now  exist  in  warm  seas.  Among 
the  many  species  there  found,  only  the  following  have  been  determined:  Berinices, 
Trochus,  Griphea,  Caryophillea,  Meandrina,  Astrea,  Oculina,  and  others.  These  shells 
are  dug  up  by  the  natives  to  make  lime.  They  sink  shafts  which  cut  the  fossil  beds 
at  a  depth  of  four  or  five  varas  [11  to  14  feet],  after  having  passed  through  a  thin  bed 
of  clay  banded  in  different  colors.  The  said  beds  rest  upon  one  of  a  yellowish,  soapy 
clay.  The  known  extent  of  these  deposits  is  very  small.  [Ttlrlac  is  on  the  railway 
and  very  accessible  from  Manila.]  In  the  township  of  Camiling  and,  as  we  have 
mentioned  above,  near  Lake  Mangabol,  at  some  5^  or  6  leagues  from  the  Gulf  of  Lin- 
gayen,  at  an  elevation  above  sea  level  of  not  less  than  250  feet,  are  found  beds  of  fos- 
sils, analogous  to  those  of  Tarlac,  which  also  the  natives  use  to  prepare  lime.  In 
addition  to  the  species  noted,  there  has  been  found  at  this  latter  point  Pholas.  The 
beds  also  contain  some  small  mollusks  upon  which  Pholm  lived,  such  as  Physa,  Bal- 
anuK,  Cerythhtm,  Cytherina,  and  others.  The  rock  containing  these  specimens  is  a 
volcanic  tuff,  which  consists  of  a  conglomerate  of  ash,  pumice,  and  clay.  At  many 
points  it  is  found  to  be  covered  by  a  calcareous  sediment  upon  which  may  be  seen 
some  fossil  Serpulas,  and  these  appear  to  belong  to  the  species  hexagona. 

The  lake  here  referred  to  appears  on  Mr.  d' Almonte's  map  as  the 
Pinag  de  Mangabol,  because  it  contains  water  only  in  the  wet  season. 

Semper  collected  Potamides  jHilv.strix  Linn,  at  Zamboanga.  He 
also  found  Potamides  snlcalti-''  in  the  humus  layer  of  the  hill  at  Sinaan 
[Dinaani;]  on  the  Island  of  Cebu.'  Abella.  too,  reported  this  species 
from  the  post -Pliocene  of  the  same  island. 

The  coralline  limestone  which  plays  so  large  a  part  in  Philippine 
geology  has  a  number  of  peculiarities  which  are  of  geological  impor- 
tance. These  are  due  to  the  mode  of  growth  of  the  coral  poh^ps,  the 
limitations  to  their  growth,  and  the  solubility  of  the  calcareous  mass. 
It  is  well  known,  of  course,  that  living  corals  are  usually  but  not 
invariably  confined  to  water  not  exceeding  some  15  or  20  fathoms  in 
depth,  that  they  can  not  live  when  exposed  to  the  air  even  at  the  low- 
est tides,  that  they  flourish  only  when  constantly  washed  by  moderate 
currents  of  sea  water,  that  fresh  water  or  dirty  water  kills  them,  and 
that  dead  corals  either  dissolve  away  or  are  converted  bj--  a  more  par- 
tial process  of  solution  into  crystalline  limestone. 

While  sediments  tend  to  horizontal  stratification,  corals  grow  freely 
on  steep  surfaces;  so  that,  on  a  rising  island,  the  coral  limestone  tends 
to  form  an  even  layer  approaching  100  feet  in  thickness  and  following 
the  topography  which  previously  existed.  Thus  in  such  cases  actually 
coeval  corals  follow  contours  instead  of  surfaces;  and  if  an  island 
rises  perpendicularly,  the  under  portion  of  the  highest  corals  is  the 
oldest.  In  the  Philippine  coral  rocks  there  is  a  very  rude  sort  of 
stratification,  which  seemed  to  me  on  Guimaras,  Negros,  and  Cebii  to 
be  only  locally  developed.     Such  a  parting  might  be  caused  by  a 

1  K.  Martin,  in  SammlunKen  des  geologischen  Reichs-Museums  in  Leiden.  Die  Fossilien  von  Java, 
Leiden,  Brill,  1899,  4°,  p.  211. 
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•shower  of  volciinic  ash.  or  hy  a  tiood  of  fresh  water,  or,  perhaps,  more 
frequently  still,  hy  mud.  The  rains  aecompanying  typhoons  are  tre- 
mendous, more  so,  perhaps,  than  what  is  known  in  the  United  States 
as  a  "cloud-burst,''  while  a  typhoon  extends  over  a  large  area.  For 
example,  in  October,  187.5,  according  to  Mr.  Abella,'  the  rains  attend- 
ing a  typhoon  brought  down  such  torrents  of  mud  from  the  ashy 
slopes  of  Mayon  that  1,500  persons  were  overwhelmed  and  smothered, 
while  the  destruction  of  property  was  immense.  This  storm  must 
have  carried  into  the  sea  millions  of  tons  of  sediment  and  uuist  have 
rendered  the  water  temporarily  quite  unfit  for  coral  growth.  This, 
indeed,  was  an  extraordinary  case,  but  many  of  these  hurricanes  pass 
across  the  archipelago  each  year.  In  my  opinion  it  can  not  be  inferred 
that  any  pseudo-stratification  of  coral  rock  was  ever  horizontal  unless 
there  are  special  grounds  for  that  opinion,  and  the  observer  must  be 
very  cautious  in  inferring  upheavals  from  inclined  stratification. 

A  marked  peculiarity  of  the  corals  is  that  the}'  grow  upward  to  a 
limiting  line  or  a  plane,  instead  of  seeking  the  lowest  possible  level,  like 
sediments.  Thus  the  crest  of  the  Cordillera  Central  in  the  northern 
portion  of  Cebu  is  an  even  line  many  miles  in  length,  which  at  once 
suggests  base-leveling,  but  seems  to  be  due  in  reality  to  what  mav  be 
described  as  the  summit-leveling  of  coralline  growth.  Similarly,  bar- 
rier reefs  and  fringing  reefs,  when  seen  from  a  distance,  simulate  ter- 
races and  may  lead  to  misinterpretation,  although,  like  terraces,  their 
upper  surfaces  indicate  approximately  the  position  of  the  surface 
of  the  water.  The  details  of  topography  of  coral  reefs  often  differ 
markedly  from  those  of  sedimentary  terranes.  Thus,  in  northeastern 
Negros,  on  the  Talabe,  I  found  a  series  of  hills  flanking  the  main 
range  with  excessively  steep  slopes  and  crests  onU'  a  few  feet  in  width. 
They  were  composed  of  rough  coral  and  seemed  to  represent  barrier 
reefs. 

Most  of  the  caves  in  the  Malaysian  Archipelago  are  in  the  older  coral 
rocks  of  Pliocene  or  early  Pleistocene  age,  and  this  leads  to  a  most 
curious  method  of  geological  determination.  The  swallows  which 
build  the  edible  })irds'  nests,  U'miudo  cxcHlcntd^  frequent  these  caves, 
and,  according  to  ^Ir.  Posewitz,'  where  these  nests  are  reported.  Ver- 
beek's  Stage  y  tnay  I)e  inferred.  Thus,  Palawan  (Paragua)  is  famous 
for  its  birds'  nests,  and  it  is  therefore  at  least  highly  probal)le  that  the 
island  is  provided  with  a  mantle  of  coral  reefs  of  Pliocene  age. 

I  shall  not  attempt  to  go  into  a  discussion  of  atolls,  of  which  I  have 
made  no  studies.  It  is  well  known  that  Semper  was  led  by  his  inves- 
tigations of  the  corals  among  th(>  Philippines  and  the  Pelew  (Palaos) 
Islands  to  dispute  Darwin's  subsidence  theory,  seemingly  not  alto- 
gether without  success.'  Semper  brought  nuich  evidence  to  bear  to 
show  that  only  the  exterior  lateral  surface  of  a  mass  of  growing  coral 


I  El  May6n,  1885,  p.  10.                   >  Borneo,  1892,  p.  190.  »  Die  Philipplnen,  1869,  p.  100. 
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flourishes,  while  the  interior  dies,  decays,  and  yields  to  solvent  proc- 
esses. The  recent  field  investigations  of  coral  reefs  in  all  quarters  of 
the  globe  are.  to  a  great  extent,  confirmatory  of  Semper  s  views.  As 
exceptions  to  Darwin's  theory,  Mr.  Alexander  Agassiz  mentions  all  the 
reefs  which  he  has  studied  in  Florida,  Yucatan  Bank,  Cuba,  Bermuda, 
the  Bahamas,  the  AVest  India  Islands,  the  Galapagos,  the  Sandwich 
Islands,  Australia,  and  the  Fijis.' 

In  the  Jolo  Archipelago,  the  charts  indicate  several  well-developed 
atolls,  such  as  Simonor  Island  (latitude  4^  52',  longitude  119°  50')  and 
Tumindao  (latitude  4^  i5',  longitude  11!)°  20'),  as  well  as  several  in 
the  Tapue  group  (latitude  5°  30').  The  charts  of  this  region  also  show 
innumerable  coral  reefs,  which  are  bare  at  low  tide  and  must  therefore 
have  been  uplifted.  In  the  Province  of  Benguet  is  a  very  famous 
atoll,  first  recognized  as  such  by  Semper,  in  which  lies  the  pro- 
vincial capital  La  Trinidad.  It  has  been  described  by  Semper,"  von 
Drasche,^  and  Abella.*  The  elevation  of  La  Trinidad  is  3,960 
feet  (Abella).  The  atoll  is  about  2  geographical  miles  in  diameter, 
according  to  Semper:  the  wall  varies  from  500  to  700  feet  in  height, 
the  inner  side  is  bare,  and  the  slope  is  25°  to  35°.  A  stream  passes 
through  the  craterlike  valley,  passing  the  wall  by  narrow  slits. 

The  recent  plains  of  the  Philippines  require  little  attention  geolog- 
ically, though  they  form  the  most  valual>le  and  thickly  settled  portion 
of  the  islands,  and,  indeed,  this  is  the  case  throughout  Malaysia.  In 
large  part  these  plains  are  areas  of  marine  deiuidation  and  deposition, 
outer  portions  of  the  continental  plateau  which  have  been  lifted  above 
water  level  in  very  recent  times.  Recent  unfossilized  shells  often 
occur  scattei-ed  through  the  earth  of  those  plains,  as  is  the  case  on  the 
southern  outskirts  of  Manila,  where  intrenchments  effected  exposures. 
"Wherever  the  land  has  been  onlv  peneplained  it  shows  minute  terracing, 
frequently  to  be  seen  along  the  course  of  the  Pasig,  and  finely  displayed 
on  Binangonan  Peninsula,  Laguna  de  Bai.  The  streams,  too,  are 
engorged  as  a  natural  consequence  of  uplift.  A  portion  of  the  low- 
lands consists  of  confluent  deltas,  which  are  usually  composed  of  very 
rich  land,  and  countr}'  of  this  description  is  naturally  intersected  by 
bayous,  or,  as  they  are  called  in  our  Asiatic  territory,  esteros.  The 
environs  of  Manila  Bay  to  the  northward  of  the  city  consist  chiefly  of 
this  delta  countr3\ 

Laguna  de  Bai  is  an  extremelv  shallow  sheet  of  water,  dammed  back 
by  a  low  swale  of  indurated  tuff  through  which  the  Pasig  River  has 
cut  its  channel.  The  lake  is  only  about  4  fathoms  deep  in  the  deepest 
portions,  which  are  nearh'  on  a  level  with  the  Ba}"  of  Manila.  The 
lake  bed  seems  to  have  changed  somewhat  since  the  Spanish  occupation, 

1  The  islands  and  coral  reefs  of  Fiji:  Bull.  Museum  of  Comp.  Zoology,  Vol.  XXXIII,  1893,  p.  41.    In- 
teresting comparisons  can  be  made  between  the  geology  of  this  group  and  that  of  the  Philippines. 
-•  Zeitschr.  fur.  allg.  Erdkunde,  Vol.  XIII,  1862,  p.  84;  and  Die  Philippinen,  1869,  p.  18. 
'■^  Fragmente,  1878,  p.  30.  *  Terremotos  de  1892,  1893,  pp.  13,38. 
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and  a  small  island,  Sunuli,  which  formerly  existed  near  Los  Banos,  is 
now  united  to  the  mainland.  Near  the  outlet,  however,  an  old  settle- 
ment, PueV)l()  de  Bai,  is  now  under  water,  seemingly  in  consequence 
of  slight  earth  movements. '  According  to  Martinez  de  Zufiiga,  a  town, 
called  Tabuco,  which  existed  according  to  official  records  on  the  western 
shore  of  the  lake  in  1603,  is  now  under  water,  the  settlement  having 
been  moved  to  the  present  village  of  Cabuyao,  a  few  miles  to  the  north- 
west of  Calamba.' 

The  lake  basin  is  merely  a  portion  of  the  great  plain  of  Luzon,  sepa- 
rated from  the  main  area  b}'  a  slight  undulation  of  surface.  When  the 
country  stood  at  a  little  lower  level  it  must  have  been  an  arm  of  the 
sea.  Such  is  also  the  belief  of  the  natives,  among  whom  there  are 
reports  that  it  contains  sharks.  These  have  not  been  verified,  so  far  as 
I  know.  A  similar  rumor,  also  unsubstantiated,  exists  concerning 
Lake  Bombon,  which  is  nuich  lower  and  much  closer  to  salt  water  than 
Laguna  de  Bai.  Bombon,  however,  is  several  hundred  feet  in  depth, 
and,  as  has  been  mentioned,  I  consider  it  a  crater  due  to  explosion. 

I  have  already  discussed  the  Pliocene  and  post-Pliocene  uplift  of  the 
archipelago  as  indicated  by  the  distribution  of  fossils.  It  must  also 
be  considered  from  the  more  striking  physiographical  point  of  view. 
Physical  evidences  that  the  islands  are  rising  at  the  present  time,  or 
have  been  rising  within  a  few  years,  abound  from  one  end  of  the 
group  to  the  other.  It  is  also  clear  that  the  amplitude  of  the  move- 
ment has  been  ver}'  great.  Whether  minor  fluctuations,  temporary 
subsidences  of  relatively  small  amount,  have  occurred  is  a  delicate  ques- 
tion which  can  not  be  deflnitely  settled  at  present;  but  the  distribution 
of  living  animals  seems  most  easily  accounted  for  on  the  hypothesis  of 
oscillation. 

Repeated  mention  has  been  made  of  the  continuity  which  sometimes 
exists  between  the  growing  coral  along  shores  of  the  islands  and  the 
coralline  limestones  on  the  land,  but  the  distribution  of  instances 
exhil)iting  this  relation  has  not  been  described.  In  intimate  connec- 
tion with  it  is  the  tei'racing  either  of  the  dead  corals  or  of  terranes 
which,  for  local  reasons,  are  devoid  of  coral.  It  would  be  useless  to 
set  down  all  the  cases  noted  of  transition  from  living  coral  to  exposed 
limestone.  Semper-'  wrote:  "Everywhere  on  the  shores  of  the 
islands,  on  Camiguin  to  the  north  of  Luzon  and  on  Basilan  near  Zam- 
boanga,  on  the  eastern  coast  of  Luzon  and  of  Mindanao,  as  well  as  on 
Bohol  and  (according  to  report)  on  the  Calamianes  and  Palawan,  occur 
raised  coral  limestones,  sometunes  in  long  continuous  patches,  some- 
times in  isolated  ones;  and  these  limestones  are  continuous  with  the 


1  Abollii,  El  montc  Miuiuilin,  18«5,  p.  9. 

-Estndlsnio  de  las  Isln.s  Fil..  wliled  from  niaiiuscript  by  \V.  K.  Rotanti,  Mndrid,  1893,  p.  334.  Tnis 
work  iind  its  >_'lab(>riite  appoiidices  are  very  viiliinble  rontributlons  to  Philippine  lore,  though  cou- 
taiiiing  little  of  a  Ki'ologicnl  iiiitnre  excepting  bibliogmpby. 

3  Pie  I'hilippinen.  l.s«9,  pp.  18,  99. 
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living  reefs,  the  two  being  connected  ])y  the  waterworn  lower  portions 
of  the  limestones  and  the  upper  parts  of  the  reefs,  which  are  exposed 
at  low  water  and  are  still  rising.-'  A  glance  at  the  charts  pf  the  archi- 
pelago will  show  how  superabundant  is  evidence  of  this  class.  Semper 
was  especiall}-  struck  with  the  phenomena  on  the  islet  of  Lampinigan, 
close  to  Basilan,  where  trachvtic  (really  basaltic)  talus  above  high 
water  is  cemented  by  coral,  and  a  waterworn  cave  containing  a  pot- 
hole exists  over  20  feet  above  the  level  of  the  highest  tides.  Similar 
observations  have  been  made  by  all  observers,  and  especially  by  Mr. 
Abella  in  his  studies  on  Cebu  and  Panay.  Dana  long  since  stated,  from 
information,  that  on  Point  Santiago,  in  the  Province  of  Batangas,  coral 
exists  at  an  elevation  of  6(»0  foot.  'Mv.  Abella,  in  describing  the  gold 
fields  of  Misamis,  refers  to  the  raised  corals  along  the  Bay  of  Macajalar 
as  very  abundant.  The  distribution  of  the  localities  here  noted  shows 
that  the  phenomena  in  question  have  been  observed  in  all  areas  of  con- 
siderable extent  within  the  archipelago.  Mr.  Abella  makes  the  inter- 
esting statement  that  the  Caroline  Islands  are  undergoing  depression.^ 
At  Bacolod,  in  \v(>stern  Negros,  the  sea  is  shoal  and  muddy  and  there 
are  no  corals.  The  edge  of  the  wide  plain  of  western  Negros  stands 
a  few  feet  above  high  tide,  and  the  sea  is  encroaching  upon  it  so  rap- 
idly that  undermined  cocoanut  trees  strew  the  shore  or  hang  on  the 
ragged  edge  of  the  little  blutf.  At  Dumaguete,  too,  on  the  southeast 
coast,  there  are  no  raised  corals,  a  fact  which,  I  think,  must  have  a 
connection  with  the  volcanic  nature  of  the  locality,  but  between 
Dumaguete  and  Tanja}'  (a  few  miles  to  the  northward)  there  are  well- 
developed  terraces.  On  the  southern  outskirts  of  Tanjay  the  old 
burial  ground  is  on  a  broad  knoll  of  decomposed  coral  more  than  50 
feet  above  tide  level,  and  on  the  main  coast  road,  a  mile  south  of  Tan- 
ja3%  is  a  hillock  of  well-preserved  coral.  The  first  hills  to  the  westward 
of  San  Carlos,  northeastern  Negros,  are  coral,  some  of  which  is  at  least 
300  feet  above  the  sea,  and  the  natives  say  it  is  found  far  higher  up  in 
the  mountains.  On  the  Talabe  there  are  sharp  ridges  of  coral,  ele- 
vated to  at  least  ♦jOO  feet,  which  have  been  mentioned  above  as 
probabl}-  barrier  reefs.  The  Island  of  Refugio,  lying  ofi'  San  Carlos 
and  Talabe,  is  all  coral,  and  it  rises  to  70  or  80  feet.  Off  the  town  of 
Cebu,  Cebu,  lies  the  Island  of  Mactan,  on  which  Magellan  was  killed. 
The  reefs  about  it  are  most  interesting,  for  they  are  partially  exposed, 
and  terrace  after  terrace,  of  small  altitude,  can  be  studied  there,  the 
vertical  intervals  being  only  a  few  feet.  One  of  the  most  marked 
levels,  forming  the  tops  of  some  reefs,  is  about  8  feet  above  the  water, 
and  the  exposed  portion  is  worn  and  dissolved  into  the  most  fantastic 
shapes.  Some  small  masses  stand  on  pedestals,  like  bowlders  on  a 
glacier,  and  others  are  cavernous.  Mangroves  and  other  plants  have 
already  taken  possession  of  the  upper  surfaces.  The  lowest  terrace 
appeared  to  me  to  correspond  nearly  to  low  low  water.     At  Jolo,  also, 

1  Guia  Ofifial,  1W8.  p.  131.' 
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there  is  evidence  of  uplift.  Tiiere  i.s  a  little  island  called  Marongas, 
about  5  miles  northwest  of  the  town  of  Jolo,  composed  of  tilted  sand- 
stone and  a  basalt  dike.  It  is  partly  surrounded  by  reef  coral,  some 
of  which  stands  2  or  3  feet  above  water.  A  storm  beach  al)out  5  feet 
in  height  here  incloses  a  mangrove  lagoon.  One  side  of  this  pond  is 
formed  b}'  the  sandstone  island,  while  the  storm-beach  barrier  appears 
to  rest  upon  coral  reef.  The  circumstances  seemed  to  me  illustrative 
of  atoll  formation.  It  is  alleged  by  Mr.  f^spina  that  in  Palawan 
actuiil  uplifts  have  been  observed  hy  residents. 

Iligli  terraces,  as  well  as  low  ones,  are  aljundant  throughout  the 
islands.  I  should  say  that  on  the  Island  of  Cebu  it  would  be  difficult 
to  find  a  place  froni  which  thei-e  are  not  to  be  seen  either  horizontal 
coral  ridges  or  incised  terraces.  Especially  tine  are  the  terraces  on 
the  southern  exposures  of  Cebu  and  Bohol.  Here  the  rocks  as  the}' 
rose  have  been  exposed  to  the  swell  caused  by  the  southeast  monsoon, 
and  the  terraces  are  more  sharply  marked  than  thev  are  in  more  shel- 
tered situations.  This  part  of  Cebu  must  approach  2,000  feet  in 
height,  and  is  scored  with  a  vast  number  of  terraces,  all  of  which  are 
sensibly  horizontal ;  nor  could  I  perceive  any  division  between  them, 
such  as  would  answer  to  a  partial  submersion  followed  by  renewed 
uplift.  In  such  a  case  it  might  be  expected  that  the  upper  set  of  ter- 
races would  be  less  distinct  than  the  lower  set,  the  dividing  line  cor- 
responding to  the  greatest  temporary  su])mersion,  but  nothing  of  the 
kind  is  peireptible.  In  steaming  along  the  coast  of  Mindanao  from 
Jolo  to  Cebii  it  is  evident  that  in  that  great  island  also  terraces  form 
one  of  the  most  prominent  topographical  features. 

All  the  evidence  thus  far  adduced,  both  paleontological  and  struc- 
tural, points  to  a  progressive  uplift  of  the  archipelago,  l)eginniug  in  the 
later  Miocene  and  still  proceeding.  This  evidence,  however,  is  too 
fragmentary  to  be  absolutelv  conclusive,  and  the  possibility  of  minor 
rtuctuations  is  not  excluded.  The  distribution  of  living  forms  is  cer- 
tainly <-alculated  to  throw  some  light  on  the  more  recent  history  of 
the  Philippines,  and  should  In'  made  to  contribute  all  it  can.  At  the 
same  time  it  nuist  not  be  forgotten  that  ol)stacles  which  seem  geologi- 
cally of  small  moment  may  limit  the  extension  of  species,  as  has  been 
pointed  out  by  Mr.  Wallace  himself.'  The  Island  of  Cebu  affords  a 
striking  example  of  this  fact,  as  will  presently  be  noted.  In  dealing 
with  the  Philippines,  Mr.  Wallace  regards  the  greater  part  of  the 
birds  and  manmials  as  descended  from  Bornean  forms,  while,  in  his 
opinion,  there  is  also  evidence  that  a  direct  connection  at  one  time 
subsisted  between  Luzon  and  continental  Asia.  He  says:  '"Absence 
of  a  large  number  of  Malayan  groups  would  indicate  that  the  actual 
connection  with  Borneo,  which  seems  necessary  for  the  introduction 
of  the  Malay  types  of  Manunalia,  was  not  of  long  duration,  while  the 
large  proportion  of  widespread  continental  genera  of  birds  would  seem 

•Jour.  Royal  Geop.  Soc.  I.oiiilon,  l,s<;3.  p.  xn. 
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to  imply  that  greater  facilities  had  once  existed  for  migration  from 
southern  China,  perhaps  by  a  land  connection  through  Formosa,  at 
which  time  the  ancestors  of  the  peculiar  forms  of  deer  entered  the 
country."' 

Mr.  Dean  C.  Worcester  and  Dr.  Frank  S.  Bourns'^  have  also  exam- 
ined the  former  distribution  of  land  within  the  Philippine  Archipelago 
as  elucidated  by  the  present  distribution  of  the  avifauna.  It  would 
appear  that  Cagaj-an  Sulu,  Balabac,  Palawan,  and  the  Calamianes  have 
been  more  recently  connected  Avith  Borneo  than  the  remainder  of  the 
islands,  while  the  Island  of  Cebu,  strangely  enough,  seems  to  have 
been  separated  from  the  eastern  islands  of  the  archipelago  for  a  very 
long  period.  At  first  sight  it  would  seem  that  an  induction  of  this 
character  could  scarcely  be  made  from  the  distribution  of  winged  ani- 
mals, for  other  islands  of  the  archipelago  are  in  full  view  from  every 
point  of  the  shore  of  Cebi'i.  The  peculiarity  of  the  Cebuan  fauna  is 
accounted  for  in  Mr.  Worcester's  opinion  by  the  lack  of  necessity  for 
periodic  migrations  on  the  part  of  the  birds.  While  in  temperate 
climates  most  birds  are  compelled  to  make  long  journeys,  in  order  to 
escape  rigors  of  climate  and  to  iSnd  proper  food,  birds  in  the  Tropics 
ma}'  be  hatched,  grow  old,  and  die  in  a  single  grove  without  being- 
impelled,  except  by  restlessness,  to  transgress  its  limit. 

Negros,  Panay,  Guimaras,  and  Masbate,  according  to  these  zoolo- 
gists, form  a  well-defined  group  of  islands.  So,  also,  do  the  islands 
from  Sulu  (or  Jolo)  to  Tawi-Tawi.  On  the  other  hand,  they  tell  us 
that  the  chain  of  islands  on  the  eastern  side  of  the  archipelago,  from 
Luzon  to  Mindanao  and  thence  to  Basilan,  show  a  very  close  relation- 
ship. 

It  seems  impossible  to  understand  such  a  distribution  of  the  exist- 
ing fauna  unless  it  can  be  assumed  that  land  coniuK-tions  formerly 
existed  l)etween  islands  now  separated  Ijy  considerable  channels.  It 
is  fairly  clear  that  in  the  early  Miocene  the  whole  area  of  the  archi- 
pelago must  have  been  continuous  Avith  Boi-neo,  and  that  partial  sub- 
mergence followed;  but  if  connections  had  never  since  existed  between 
land  masses  which  are  now  separated  by  water,  each  island  might  be 
expected  to  exhibit  its  own  peculiarities,  as  do  Mindoi'o  and  Cebu. 
The  easiest  way  to  account  for  the  present  distribution  of  life  is  to 
assume  that  at  some  time,  perhaps  during  the  Pliocene,  there  was  a 
temporary  uplift  carrjnng-  the  archipelago  somewhat  above  its  present 
level,  so  that  some  of  the  islands  were  connected,  and  that  this  uplift 
was  followed  by  subsidence.  There  is  an  alternative,  however,  for  it 
maj^  be  imagined  that  connections  which  once  existed,  in  spite  of  a 
greater  general  submergence  of  the  Philippines,  were  eaten  awa}'^  in 
relatively  recent  times  by  waves  and  tidal  currents.     This  hypothesis, 

1  Geographical  Distribution  of  Animals,  Vol.  I,  1876,  p.  345. 

2  Proc.  U.  S.  Nat.  Mus.,  Vol.  XX,  1898,  pp.  549-62.5. 
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however,  is  of  very  dubious  value.  If,  for  example,  Negros,  Guima- 
rds,  Panav,  and  Masbate  were  now  to  be  depressed,  even  100  feet  or 
so,  a  very  wide  interval,  80  miles  or  more,  would  exist  between 
Negros  and  Panay,  while  nearly  as  great  a  distance  would  intervene 
between  Panay  and  Masbate.  It  is  almost  incredible  that,  in  these 
quiet  land-locked  waters,  connecting  isthmian  areas  of  such  extent 
have  been  cut  away  by  wave  action  and  left  no  monadnocks  to  tell  the 
tale.  Inspection  of  the  charts  seems  rather  to  indicate,  in  the  shoal 
waters  which  separate  this  group  of  islands,  a  submerged  coastal 
peneplain. 

If  a  fluctuation  such  as  is  here  suggested  has  occurred,  it  would 
have  produced  a  nonconformity  of  erosion  which  would  pi'obably  be 
traceable  on  minute  study.  It  should  certainly  be  sought  when 
opportunity  offers. 

Summarizing  the  foregoing  facts  and  inferences,  it  would  seem  that 
the  geological  history  of  the  Philippines  is  something  as  follows:  From 
earl}'  Paleozoic  times  onward  an  archipelago  has  usually  marked  the 
position  of  these  islands.  Prior  to  the  Eocene  nothing  definite  is 
known  of  them,  but  further  investigation  will  very  likel}'  disclose 
Paleozoic  and  Mesozoic  strata  there,  as  in  the  Sunda  and  the  Banda 
islands.  During  the  Eocene  it  is  probable  that  the  lignitic  series  of 
Cebu  was  deposited,  and  the  contorted  indurated  strata,  which  in  other 
localities  also  carry  black  lignite  relatively  free  from  water,  should  be 
referred  provisionally  to  this  period.  Whether  the  nummulitic  lime- 
stone found  at  liinangonan  is  Eocene  seems  to  me  to  be  an  luisolved 
question.  After  the  Cebuan  lignitic  epoch  a  great  uplift  and  folding- 
took  place,  and  this  may  have  been  a  detail  of  the  late  Eocene  move- 
ment which  so  profoundly  modified  Asia  and  Europe.  It  luust  hav(», 
brought  about  temporary  continuity  of  land  area  between  Borneo  and 
Luzon.  Somewhere  about  the  middle  of  the  Miocene  the  country 
sank  to  a  low  level.  Many  of  the  present  islands  must  then  have  been 
far  below  water,  while  Luzon  and  Mindanao  were  rc^presented  by 
groups  of  islets.  Observations  appear  to  suggest  that  the  Agno  beds 
represent  th(^  basal  conglon)erate  formed  at  this  subsidence.  A  slow 
rise  l)egan  again  during  the  later  Miocene,  and  may  have  continued 
to  the  present  day  without  inversion,  yet  the  actual  distribution  of 
living  forms  is  such  as  to  give  some  grounds  for  l)elieving  that,  at 
some  intermediate  period,  the  islands  were  a  little  higher  than  they 
now  are,  but  sank  again  oidy  to  rise  afresh.  The  diorites  and  associ- 
ated massive  rocks,  including  their  tuffs,  may  have  made  their  appear- 
ance about  the  close  of  the  Paleozoic.  The  less  siliceous  of  these  rocks 
seem  to  have  followed  the  more  siliceous  intrusions  as  a  whole.  The 
gold  deposits,  and  perhaps  othiM"  ores,  are  so  associated  with  these 
massive  rocks  as  to  indicate  a  geiu'tic  relation.  The  neo-volcanic  period 
began  as  early  as  the  highest  Miocene  horizon,  and  very  prol)al)lv  at 
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the  post-Eocene  upheaval.  If  the  semiplastic  marls  of  Cebii  are  all 
Miocene,  the  earlier  aiidesitic  rocks,  at  least,  date  back  nearly  to  the 
great  upheaval.  Among  these  rocks,  also,  there  is  sometimes  a  tend- 
ency for  the  basalts  to  follow  the  andesites,  but  the  one  dacite  found  at 
Corregidor  is  later  than  the  andesites  of  that  island.  The  relation  of 
the  trachytes  to  the  andesites  is  not  certain,  but  the  sanidine  rock  is 
probably  the  earlier.  A  ver}'  large  part  of  the  neo-volcanic  ejecta  has 
fallen  into  water  and  been  rearranged  as  tuffaceous  plains.  The  A'ol- 
canic  vents  appear  to  me  to  occur  rather  on  a  network  of  fissures  than 
on  a  single  system  of  parallel  diaclascs,  and  the  volcanic  activity  is  to 
be  regarded  as  a  thermal  manifestation  of  the  energy  of  upheaval. 

Before  dismissing  the  general  geology  of  the  Philippines,  I  may 
perhaps  be  excused  for  calling  attention  to  a  particular  aspect  of  that 
difficult  subject,  the  paleontology  of  the  tropics.  Froiu  one  point  of 
view  it  is  more  interesting  and  more  important  than  that  of  temperate 
zones,  for  it  must  ultimately  be  n)adc  to  contribute  to  the  phj-sical 
history  of  the  glol)e.  If  the  solar  radiation  has  been  variable  during 
geological  time,  it  must  have  left  some  paleontological  evidences,  how- 
e\er obscure,  of  change  in  insolation,  especiall}'  near  the  equator;  and 
it  seems  hardly  conceivable  that  any  decipherable  record  l^esides  these 
evidences  should  exist  of  changes  in  the  sun's  thermal  emanation. 
Several  other  causes,  as  well  as  change  in  solar  radiation,  would  tend  to 
bring  about  alterations  in  climate  on  the  earth's  surface.  Variations  in 
the  eccentricity  of  the  earth's  orl)it,  and  in  the  ol)liquity  of  the  ecliptic, 
must  intluence  climate;  but  at  the  equator  oidy  to  an  insignificant  extent. 
Changes  in  the  distribution  of  land  Avould  influence  the  distribution  of 
the  warm  waters  flowing  from  the  tropics  toward  higher  latitudes,  but 
would  seemingly  not  considera])ly  aft'ect  climatic  conditions  at  the 
equatoi-.  An  alteration  in  the  composition  of  the  atmosphere  would 
afl'ect  the  radiation  from  the  earth's  surface;  so  that  if  the  diather- 
mancy of  the  atmosphere  were  decreased,  the  mean  temperature  of 
the  globe  would  increase.  How  the  effect  of  such  a  change  would  be 
distributed  over  the  earth's  surface  has  not,  so  far  as  I  am  aware, 
been  adequately  discussed.  It  is  possible  that  it  would  tend  rather  to 
a  uniform  high  temperature  throughout  the  world  than  to  an  increase 
of  mean  temperature  at  the  equator,  because  of  the  increased  rapiditj^ 
of  atmospheric  circulation.  There  can  be  little  question  that  this 
prol)lem  can  be,  and  will  be,  solved;  and  the  light  which  paleontolog}'' 
is  capable  of  throwing  on  the  former  mean  temperature  within  the 
tropics  will  then  tend  to  elucidate  the  histor}'  of  the  entire  solar  S3'S- 
tem.  Geological  exploration  in  Malaysia  is  a  cause  in  which  many  have 
already  laid  down  their  lives,  either  meeting  death  with  arms  in  their 
hands,  like  George  Midler,  F.  W.  Witte,  and  F.  Hatton,  or  succumb- 
ing more  painfully  to  disease,  like  L.  Horner  and  others;  but  the 
cause  is  worthy  of  the  sacrifice,  and  they  have  afl'orded  the  world  an 
example  which  should  be  cherished. 


569 


MIT^TERAT^   KESOl  RCTi:S. 

COAL. 

True  (Paleozoic)  coal  does  not  exist,  so  far  as  I  am  aware,  anywhere 
in  Malaysia.  The  nearest  approach  to  it  is  a  l>lack,  pitchy  lignite,  simi- 
lar to  that  of  Washington.  The  ditterence  between  lignite  and  true 
coal  lies  mainly  in  the  quantity  of  combined  water,  which  not  onlj' 
duuinishes  the  percentage  of  combustible  material,  but  requires  the 
expenditure  of  combustible  constituents  to  convert  it  into  steam  or 
dissociated  gases  of  the  temperature  of  the  flame.  The  black  lignite 
is  the  most  valuable  mineral  asset  of  the  Philippines,  and  is  widely 
spread  from  southern  Luzon  southward.  It  is  difficult  to  trace  its 
distribution  in  detail,  because  there  are  also  l^rown  lignites  of  small 
value  at  many  points,  while  the  reports  are  in  large  part  not  suffi 
ciently  explicit  to  determine  which  fuel  has  been  detected.  The  black 
lignite  is  probaljly  of  Eocene  age,  like  the  ver}'  similar  fuel  of  Labuan, 
ill  North  Borneo,  well  known  throughout  the  Far  East,  and  other 
Bornean  or  Javanese  lignites.  The  brown  lignites  in  the  Philippines 
prol>ably  correspond,  both  geologically  and  in  quality,  to  the  late  Ter- 
tiary lignites  of  Borneo.  The  Japanese  "coal"  is  also  a  lignite,  and 
at  least  no  better  than  the  black  fuel  of  the  Philippines,  which  will  do 
good  service  for  all  local  purposes,  and  in  case  of  need  will  answer  for 
vessels  of  war.  As  will  be  seen  later,  its  heating  effect  is  approxi- 
mately from  two-thirds  to  three-cpiarters  of  that  of  the  best  Paleozoic 
steam  coals,  such  as  Cardiff. 

Coal  seams  are  recorded  at  a  great  number  of  localities  in  the  IMiil- 
ippines,  but  in  a  large  proportion  of  cases  the  information  is  insuffi- 
cient to  decide  whether  the  occurrence  is  one  of  black  Eocene  lignite 
or  the  later  brown  lignite.  The  brown  fuel  in  so  heavily  wooded  a 
country  would,  in  most  cases,  be  economically  worthless,  ])ut  might 
be  geologically  important.  To  some  extent  a  guide  may  be  found  in 
the  mining  concessions,  for  it  is  improbable  that  any  one  would  go  to 
the  expense  of  taking  up  deposits  of  brown  lignite.  In  the  Island  of 
Luzon  concessions  have  been  granted  onlv  in  the  extreme  southeastern 
corner,  the  Province  of  Albay,  but  Centeno  states  that  applications 
were  mad(^  for  concessions  in  Tayabas,  though  no  work  was  done.  I 
am  not  aware  of  any  reason  to  ])elieve  that  Eocene  coals  exist  to  the 
northward  of  Tayabas. 

Thus  the  following  localities  in  Luzon  at  which  fossil  fuel  has  been 
found'  arc  probably,  though  by  no  means  certainly,  late  Tertiary  lig- 
nites. In  Cagayan  there  is  an  occurrence  at  a  bayou  or  slough  called 
Call)ong.  in  the  township  of  Anuilung.  In  Abra  lignite  is  found  on 
th(>  river  Malauas.  in  the  township  of  Dolores.  In  I'nion  it  occurs  at 
Aringay.  Mr.  von  Drasche  was  uiial)le  to  lt>arn  anything  of  lh(>  deposit 
when  he  visited  the  town,  but  thought  it  might  be  in  the  tuff.    Again, 

1  Quia  Oflcittl,  1898.  p.  125. 
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in  the  Island  of  Polillo  there  is  lignite  at  a  place  called  Burdeos,  which 
is  not  on  the  map;  so,  too,  at  Norzagaray,  in  Bulactin,  and  at  Montal- 
ban,  in  Manila  Province.  This  last  is  very  probably  associated  with 
the  nummulitic  limestone.  In  Morong  Province  there  is  lignite  at 
Tatauiran  Gulch  and  elsewhere. 

In  Tayabas  a  considerable  number  of  coal  mines  are  marked  on  ]Mr, 
D'Almonte's  map,  and  these  I  am  inclined  to  refer  provisionally  to  the 
Eocene  group.  That  more  is  not  heard  of  them  may  very  possibly  be 
due  to  thinness  of  seams  or  other  disadvantageous  features.  A  group 
of  these  coal  prospects  centers  at  Antimonan,  a  port  at  the  narrowest 
part  of  the  Tayabas  Isthmus.  These  mines  are  all  within  15  miles 
of  the  town.  Two  are  on  Alabat,  an  island  to  the  north.  There  are 
also  two  little  islands  to  the  south,  Pagbilao  Grande  and  Chico,  each 
of  which  has  coal,  and  two  more  prospects  lie  on  the  mainland  to 
the  southeast.  Farther  off  in  this  same  direction,  in  the  region  of 
Macaleton,  is  still  another  so-called  mine. 

In  Camarines  Norte  there  seems  to  be  no  coal,  while  in  Camarines 
Sur  it  is  found  near  Pasacao,  on  the  southwest  coast,*  and  also  on  the 
Caramuan  Peninsula,  which  forms  the  eastern  extremity  of  the  prov- 
ince. Jagor-  heard  that  coal  was  found  at  thre(>  localities  in  this  pen- 
insula. On  the  map  a  single  one  is  marked.  Opposite  lies  the  Island 
of  Catanduanes.  which  administrativeh'  ])elongs  to  the  Province  of 
Albay.  In  this  island,  accoi-ding  to  ]Mr.  Espina,  there  is  coal  at  Bato, 
in  the  southeast  corner.  The  localities  just  mentioned  seem  to  lie  at 
the  edge  of  a  tield  which  stretches  southward  into  Samar  and  which 
is  extremely  promising.  About  12  or  15  miles  to  the  southward  of 
Catanduanes  lie  the  small  islands  of  Carraray,  Batan,  and  Rapurapu. 
Here  the  lignite  is  black,  resembling  bituminous  coal  in  appearance; 
it  is  of  excellent  quality,  is  found  in  seams  of  good  thickness,  and  is 
close  to  tide  water.  Mr.  Espina,  who  has  visited  the  place,  gave  me 
the  following  notes: 

The  seams  are  lignite  and  their  thickness  is  very  variable,  but  is  always  greater 
than  0.75'",  and  never  exceeds  from  3"'  to  4.50"'.  The  dip  varies  from  zero  to  37°  and 
40°.  The  quality  of  the  coal  is  fairly  good,  as  is  shown  by  the  following  analyses 
made  in  the  Inspeccion  General  de  Minas  of  seven  specimens  from  the  Bilboa  mine, 
Yiscaya  district,  Batan.  [Six  of  the  analyses  are  of  the  coal ,  and  show  very  little 
variation;  one  is  of  the  bituminous  shale  underlying  the  seams.  The  mean  of  the 
six  coal  analyses  is  as  follows:] 

Mean  of  sic  ancdijsies  of  coal  from  the  Bilboa  mini',   Vixr<n/a  dinlrld,  Baton. 

Per  ct-nt. 

Hygrometric  water 13.  518 

Volatile  substances 37.  463 

Fixed  carbon 44.  4.55 

Ash 4.  564 

Total 100.  000 

1  Espina,  Ligero  Bosqiiej",  1898,  p.  157.  -  Reisen,  1873,  p.  160. 


BECKER.]  COAL.  571 


Carbon  e(jiiivalent  to  c-ombustihle  constituents 0.  68035 

Carbon  ecjuivak'nt  to  volatile  constituents 0.  23560 

Calories  of  combustible  portion 5,  497.  22800 

Calories  of  volatile  portion 1 ,  905.  02750 

Quantity  of  steam  at  100°  from  water  at  40° kilos. .  6. 24918 

Fuel  recjuisite  to  produce  1  kilogram  of  steam do 0. 16656 

Mean  density 1.  30  to  1 .  40 

Color,  jet  black,  with  iridescence  and  high  luster;  hardness,  less  than  steel;  texture, 
laminar  and  cleavable;  flame,  reddish  white  with  somewhat  dense  smoke;  odor,  very 
resinous;  ash,  yellowish,  dull  white;  dnration  of  flame,  V  45". 

A  coal  mine  is  marked  on  Mr.  D' Almonte's  map  in  western  Alba}-, 
not  far  from  Libon  and  a  little  south  of  Lake  Bato.  Roth  ^  also  says 
that  a  bituminous  limestone  from  Montecillo,  near  Libon,  contauis  tish 
scales.  The  stone  is  used  for  building.  It  would  be  interesting  to 
ascertain  whether  a  connection  could  be  established  between  the  coal 
and  this  fossiliferous  limestone. 

The  Batan  coal  seems  to  reappear  at  Gatbo,  not  very  far  from  Bacon, 
in  Sorsogon  Province.  Among  the  seams  here  Centeno "  says  that  one 
is  from  4  to  8  meters  in  width,  nearly  vertical,  and  strikes  N.  20"  W. 
This  coal  was  tried  on  steamers,  and  found  satisfactory.  A  company 
undertook  to  exploit  it,  but  with  what  success  I  do  not  know.  The 
last  Luzon  locality  is  near  Magallanes,  latitude  lii°  50'.  Be3'ond  its 
position  on  the  map  I  have  no  information. 

In  Samar,  according  to  Centeno,  the  (;oal  deposits  of  Sorsogon  con- 
tinue. He  gives  a  locality,  Loquilocon,  and  Mr.  Abella  mentions 
Gandara  and  Paranas.  The  last  two  towns  are  on  the  west  coast,  at  a 
considerable  interval.  A  line  drawn  through  them  would  pass  near 
Gatbo,  and  its  direction  would  be  very  like  the  strike  of  the  bed  at 
the  last-mentioned  place,  differing  some  (50^  from  the  prevalent  strike 
in  Cebu. 

There  is  coal  at  Cataingan,  in  southeastern  Masbate,  and  two  con- 
cessions have  been  granted.  In  Marinduque  Mr.  Espina  reports  coal, 
and  so,  too,  at  Subaan.  on  the  north  coast  of  Mindoro,  but  without 
details.  In  southern  Mindoro,  at  Bidalacao,  and  on  the  adjacent  islet, 
called  Semerara,  there  are  coal  seams  which  appear  to  be  important 
and  on  which  there  are  mining  concessions.  Mr.  Espina  reports  the 
quality  as  .similar  to  that  of  Batan  and  the  thickness  of  the  beds  as 
from  75  centimeters  to  2|  metiMs.  Centeno  .says  that  the  croppings 
at  S(>merara  are  between  high-water  and  low-water  marks. 

Ill  Panay  Mr.  Abella  found  no  important  coal  seams,  but  tiiouglit 
that  the  thin  seams  found,  8  or  10  inches  in  width,  might  periiaps  be 
acconq)anic(l  by  others  of  more  value  now  covered  l)y  soil.  He  notes 
especially  Balete,  Buruanga,  and  Valderrama,  in  Capiz  Province,  and 
Dingle,  in  Iloilo  Province.' 

Uagor.Ri'iscn.  1873, 11.349.  =  Mem. gool. -mill.,  ISTli,  [>.  35.  »Islii  <li'  I'linay,  1890,  p.  201. 
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In  the  northea.sterii  portion  of  Negros  coal  seams  occur,  lying  6  or  8 
miles  from  the  coast  and  in  a  line  substantially  parallel  with  it.  They 
are  exposed  in  the  channels  of  the  rivers  Talabe,  Calatrava  (or  Macasi- 
lao).  and  Luzon.  It  is  said  that  some  of  the  seams  are  of  good  width 
and  quality.  I  visited  that  on  the  Talabe,  but  found  nothing  of  value. 
Two  seams  were  exposed;  neither  had  over  a  foot  of  fuel,  and  they 
carried  pyrite.  The  lignite  was  jet  black,  and  seemed  to  belong  to  the 
.same  class  as  the  Cebii  lignites.  The  seams  lay  between  walls  of  bitumin- 
ous shale  and  dipped  30^  XW.  The  stratification  in  the  neighborhood 
was  much  disturbed.  There  were  many  pieces  of  float  coal  in  the  river, 
and  very  possibly  there  are  other  seams  hereabout,  but  the  natives  pro- 
fessed to  know  of  no  other  exposui*e.  It  was  my  intention  to  explore 
the  entire  belt  of  deposits,  but  an  attack  on  my  escort  by  a  relatively 
large  body  of  natives  put  an  end  to  prospecting.  This  belt  is  well 
worth  examination  when  the  natives  quiet  down.  Governor  Larena 
also  informed  me  of  a  coal  deposit  in  southwestern  Negros,  to  the 
eastward  of  Cabancalan.     Efl'orts  to  obtain  detailed  information  failed. 

C'ebu  divides  with  Albay  and  Sorsogon  the  reputation  of  being  the 
most  important  coal  region  of  the  archipelago,  and  it  has  been  exam- 
ined with  care  by  ]Mr.  Abella.  The  coal  occurs  chieflv  on  the  eastern 
slope  of  the  central  range,  between  Danao,  latitude  10^  30',  and  Bol- 
joon.  latitude  9^  38'.  It  is  also  found  on  the  west  coast  in  the  town- 
ships of  Toledo  (10-  IT').  Balamban  (10^  29'),  and  Asturias  (10'-  33'). 
The  principal  deposits  are  in  the  townships  of  Danao,  Compostela 
(10-  26').  and  Naga  (10-  13').  In  1899,  work  was  going  on  only  at  the 
Compostela  mines,  which  were  supplving  coasting  steamers  in  a  small 
wav.  The  existence  of  coal  has  been  known  to  the  natives  for  an 
indefinite  period,  and  a  mountain  in  the  Naga  district  bears  the  name 
Cling,  which  is  the  Yisaya  name  for  coal.  The  Spaniards  first  became 
aware  of  the  coal  deposits  in  1827.  Since  then  work  has  been  done  in 
a  fitful  nianner  fi'om  time  to  time  and  at  various  points,  but  nowhere 
with  energy-  and  method. 

"While  coal  occurs  in  almost  every  township  along  the  eastern  coast, 
Mr.  Abella  properly  protests  against  speaking  of  the  region  as  a  coal 
basin.  The  strata  are  sharply  flexed,  folded,  and  faulted.  As  I  had 
occasion  to  observe  near  Mount  Uling,  the  coal-bearing  series  not 
infrequently  stands  in  a  A'ertical  position,  and  the  conditions  are  such 
that  continuity  can  not  l)e  depended  upon.  Most  careful  exploration 
would  be  needful  in  opening  any  mine,  and  the  expenses  of  mining 
can  not  fail  to  be  seriously  increased  by  the  position  and  fractured 
condition  of  the  seams.  At  the  same  time,  labor  is  cheap,  the  distance 
to  the  shore  is  only  a  few  miles,  and  the  Cel)i1  coal  should  be  able  to 
compete  with  Japanese  or  Australian  on  the  Manila  market  with  a  very 
handsome  profit.  The  seams  often  reach  4  fec^t  in  thickness,  and  one 
at  Compostela  is  ovei"  8  feet  in  width.     The  strike  is  characteristically 
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to  the  cast  of  north,  or  in  th(>  direction  of  the  axis  of  the  island,  while 
the  dip  is  westerly  or  easterly,  according  as  the  seam  is  on  one  side  or 
the  other  of  the  local  axis  of  folding.  The  dip  is  seldom  under  30^, 
and  rises  to  80^-  or  00  -.  Some  of  the  seams  are  of  very  good  quality, 
being  free  from  pyrite  and  standing  the  weather  well.  There  are 
pyritous  seams,  however. 

The  best  idea  of  the  qualit}'  is  to  be  had  from  Mr.  Abella's  assays. 
As  is  well  known,  the  results  of  coal  assays  vary  considerabh'  with  the 
method  emplo3-ed.  For  this  reason,  Mr.  Abella  very  wisely  assayed 
Cardiff  coal  and  Australian  coal  at  the  same  time  and  by  the  same 
method  as  his  Cebu  coals.  As  the  chief  point  of  interest  in  such  tests 
is  to  ascertain  the  relative  v^alue  of  the  material  tested,  the  result  is 
entireh'  satisfactory-.  Tests  of  some  of  these  coals  were  also  made  on 
Spanish  war  vessels  and  under  boilers  at  the  arsenal  at  Cavite.  In 
these  last  the  quantity  of  water  evaporated  per  unit  of  coal  was  6.5 
units.  The  conclusion  drawn  from  the  tests  on  the  Santa  Filoriuna^  a 
government  vessel,  was  that  for  the  ordinary  purposes  of  navigation 
the  coal  is  acceptable  even  burned  alone,  but  when  mixed  with  one- 
third  Cardiff  coal  the  results  are  excellent.  For  further  details  of 
these  tests,  I  must  refer  the  reader  to  Mr.  Abella's  memoir,  but  I 
reproduce  here  his  tJible  of  analyses.  Only  the  first  two  of  them 
fairly  represent  the  coal  below  the  surface  imimpaired  b}-  weathering-. 
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1  mack'  a  visit  to  the  neighborhood  of  Mount  Cling  from  Naga.  All 
the  mining  prospect;?  were  abandoned  and  caved  in,  and  the  deep  soil 
concealed  exposures,  except  in  the  beds  of  the  water  courses.  I  saw 
several  exposures,  the  best  of  which  was  in  the  bed  of  a  brook  called 
Cambagnao,  to  the  southeast  of  Mount  tj  ling  peak,  at  an  altitude  of 
some  600  feet.  Here  a  thickness  of  4  feet  was  exposed,  while  the 
bottom  of  the  seam  could  not  be  reached.  The  coal  was  bright  and 
free  from  pyrite;  the  seam  was  nearly  fiat,  with  a  slight  southerly  dip; 
the  hanging  wall  was  sandy  shale.  This  coal  was  somewhat  jointed. 
At  a  quarter  of  a  mile  below  this  exposure  the  strata  in  the  stream 
bed  are  vertical.  The  crest  of  the  range  above  the  coal  deposit  is 
formed  by  a  cliff  of  coral  limestone  100  feet  or  so  in  height.  It  is 
pei-fectly  evident,  however,  that  the  coral  rock  rests  upon  upturned  and 
considerably  faulted  strata.  A  specimen  of  Mount  IJling  coal,  from 
the  c-iaims  of  the  Philippine  Mining  and  Development  Compan}^  was 
analyzed  in  the  lal)oratory  of  this  Survey  in  June,  1900,  by  Mr.  George 
Steiger,  and  gave  the  following  results: 

Anahisl.  of  Mount  nil,,/  roal. 

Percent. 

Moisture 8.  74 

Volatile  matter 4:1  01 

Fixeil  carhou 4G.  29 

Ash 1 .  9B 

Total 100.  00 

Sulphur 0.  ;i() 

Phosplujrus 0.  02 

The  coki'  sinters  together  .slightly,  but  is  not  tinn.  The  ash  is  red- 
l)n)\VM. 

It  will  !)('  observed  that  this  analysis  con-esponds  pretty  well  with 
tin-  analyses  of  C'ompostela  coals  by  Mr.  Abella.  As  is  well  known, 
the  amount  of  tixed  carbon  ol)tained  from  a  coal  varies  somewhat  with 
the  method  of  manipulation,  .so  that  this  detei'inination  is  largely  a 
matter  of  convention.  The  method  employed  in  the  la)>oratory  of  the 
Survey  is  given  in  the  report  of  the  connnittee  on  coal  analysis.' 

1  was  not  permitted  by  the  conunanding  ofticer  in  Cebu,  Colonel 
Ilamer,  to  visit  Compostela  and  Danao.  because  the  natives  were  on 
th(!  eve  of  a  serious  outbreak. 

Leyte  possesses  coal,  but  even  the  name  of  the  locality  is  unknown 
to  me.  It  is  said  to  be  in  the  southwestern  part  of  the  island.  An 
analysis  made  in  the  Inspeccion  de  Minas  showed  it  to  l)e  of  the  same 
class  as  the  Cel)u  coal,  giving  5,800  calories. 

In  Mindanao  and  its  adjacent  islets  coal  i.s  known  to  exist  at  many 
points.  t)ut  beyond  the  presence  of  the  .seams  1  have  l)een  unable  to 
ascertain  anything.     I  can,  therefore,  oidy  catalogue  them.     On  the 

ijoiir.  .Vm.CluMii.Soi-.,  Vi>l.XXI.lS<tit,  |..  lllii. 
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small  Island  of  Dinagat,  near  the  northeast  cape  of  Mindanao,  there 
is  coal,  at  Tubajon.  On  the  islet  Siargao  (near  Dinagat)  coal  occurs  at 
Numancia,  on  the  west  side,  and  at  Cabuntug,  on  the  east.  Well  down 
on  the  east  coast,  in  latitude  8^  10',  is  point  Sancop,  which  is  also  a 
coal  locality,  as  is  the  river  Casauman,  in  latitude  7'\  and  Mati.  or 
Matti,  in  latitude  6^  50'.  On  the  south  coast,  in  latitude  6°  4',  and  on 
the  same  meridian  as  Iligan,  is  the  river  Craan,  or  Gran;  and  here, 
too,  coal  is  found.  Knowledge  of  all  of  these  localities  I  owe  to  Mr. 
Espina.  According  to  the  Guia  Oficial.  there  is  coal  a  few  miles 
north  of  Iligan.  at  Naauan,  and  the  same  authority  gives  a  locality, 
]\Iarasingan.  which  1  can  not  find.  A  trustworthy  Filipino  told  me 
that  the  coal  at  Naauan  was  good.  Baron  von  Richthofen  speaks  of 
lignite  of  admirable  quality  from  the  Gulf  of  Sibugai  to  the  northeast  of 
Zanil)oanga.  without  specifying  the  precise  locality.  Coal  is  reported 
by  Montero  in  Balabac' 

While  it  seems  reasonable  to  class  all  the  Visayan  coals  mentioned 
above  as  Eocene,  because  of  their  composition  and  the  stratigraphical 
relations  in  Cebii  and  Negros.  the  same  assumption  is  not  justified  in 
Mindanao  for  lack  of  knowledge.  It  would  be  in  no  way  surprising, 
however,  to  find  the  coals  of  eastern  Mindanao  similar  to  those  of 
Leyte,  which  is  clearly  a  contimiation  of  the  Surigao  Peninsula. 


There  is  scarcely  a  province  in  the  Philippines  in  which  gold  has 
not  been  obtained  by  the  natives,  who  are  skillful  pan  miners  and 
clever  in  dealing  with  accessible  quartz.  Gold  mining  is  with  them  an 
ancient  industr}'.  It  is  said  that  Chinese  wi'itings  of  about  the  third 
century,  A.  D.,  report  gold  as  the  chief  product  of  Luzon. ^  Before 
Magellan's  arrival  it  seems  certain  that  commerce  was  carried  on  with 
China,  and  that  the  Filipinos  paid  for  silks  and  other  manufactures  in 
gold,  trepang.  dyewoods,  and  edible  bird's  nests. ''  The  unconstrained 
life  and  dazzling  possibilities  of  gold  digging  suit  the  happv -go-lucky 
temperament  of  the  Filipino,  and,  since  10  cents  a  day  is  '"wages," 
they  have  been  able  to  work  deposits  down  to  a  very  low  grade.  Even 
the  tricks  of  the  trade  are  not  unknown  to  them,  and  at  the  time  of 
my  visit  to  one  army  post  the  native  miners  nearly  succeeded  in  indu- 
cing American  officers  to  take  an  interest  in  gravel  salted  with  brass 
filings.  Some  of  the  fields  seem  pretty  well  exhausted  above  water 
level,  and  it  would  be  rash  to  assume  that  there  is  any  really  virgin 
ground  among  the  alluvial  deposits  or  any  croppings  not  familiar  to 
the  natives. 

The  more  important  known  gold  fields  are  three  in  number,  and  the 

1  El  arch.  Fil.,  etc.,  su  hist., geog.,  y  estad. ,  Madrid,  1886, p. 433. 

2 Dr.  O.  F.  von  Mollendorf,  formerly  German  Consul  iit  Manila,   is  <] noted  by  Mr.  F.  Karuth  as 
making  this  statement:  U.  S.  Cons.  Rept.,  1898,  p.  414. 
^  Jagor,  Reisen,  1873,  p.  10,  citing  Morga,  Sucesos  de  las  is.  Fil.,  I(i09. 
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most  northerly  of  them  lies  about  Mount  Data,  in  the  country  of  the 
Igorrotes.  Data  is  in  the  Cordillera  Central  and  in  latitude  IB'^  55'. 
The  second  and  best-known  district  is  that  of  Camarines  Norte,  very 
accessible  by  sea.  and  about  115  miles  to  the  E.  by  S.  of  Manila.  The 
only  other  hopeful  region  is  the  northeastern  portion  of  Mindanao  and 
the  adjacent  islets. 

The  following  note  on  gold   in   Luzon  was  compiled  for  me  by  Mr. 
Luis  Espina  from  the  records  of  the  Inspeccion  de  Minas  in  Manila,  of, 
which  he  was  in. charge  in  September,  1898: 

(lold  is  found  in  moderate  quantities  nearlj-all  over  the  Lsland  of  Luzon,  but  more 
particularly  and  under  conditions  favorable  for  exploitation  in  the  following  town- 
ships and  diHtrictf,  proceeding  from  north  to  south: 

1.  Abra  Province. 

2.  Village  named  Fidelisan,  Bontoc  Province. 

3.  Village  named  Suyuc,  Lepanto  Province. 
L   Village  named  Tnbiic,  Lepanto  Province. 

5.  Village  named  Dugon,  Lepanto  Province. 

6.  Village  named  Acupan,  Benguet  Province. 

7.  Village  named  Tabio,  Benguet  Province. 

8.  Village  named  C-apunga,  Benguet  Province. 
i».  Village  named  Ttogoii,  Benguet  Province. 

10.  ^'illagl■  named  (iajian,  Nueva  Ecija. 

11.  Village  nameil  I'cfiaranda,  Nueva  ^'cija. 

12.  Village  named  Paracale,  Ambos  Camarines. 

13.  Village  named  Mambulao,  Ambos  Camarines. 

14.  Village  named  Labo,  Ambos  Camarines. 

lo.   Village  named  Capalongan,  Ambos  Camarines. 

T).   N'illage  named  Maculabo, '  Ambos  Camarines. 

In  the  Province  of  Abra  gold  is  found  in  alluvial  deposits,  and  in  the  sands  of  the 
river  of  the  same  name,  as  grains,  and  has  an  average  fineness  of  750  to  792  thou- 
.«andths.  In  the  Province  of  Lepanto  gold  occurs  in  three  different  ways — in  veins, 
in  alluvial  deposits,  and  in  river  .sands.  Its  fineness  is  from  0.792  to  0.833,  and  it  is 
somewhat  light  colored  because  of  a  considerable  silver  content.  It  is  usually  ac<;om- 
panied  by  ores  of  silver,  copper,  iron,  and  lead.  In  the  provinces  of  Bontoc  and 
Benguet  the  deposits  are  in  all  respects  analogous  to  those  of  Lepanto.  In  the  Prov- 
ince of  Nueva  Ecija  the  gold  is  exceedingly  pure,  brilliant  in  color,  and  0.958  fine. 
It  is  found  as  rounded  particles  in  alluvium  and  sometimes  in  small  crystals. 

The  Igorrotes.  who  inhabit  Abrsi.  Jiontoc.  Lepanto,  and  Benguet, 
are  extraordinarily  reticent  about  their  gold  mining.  Nearly  two 
hundred  years  ago  Morga  wrote  that  the  "  Ygolotes"  would  not  permit 
the  Spaniards  access  to  the  mines.-  Even  Semper,  who  stood  on 
intimate  terms  with  the  Filipinos,  was  not  allowed  to  visit  any  gold 
mines  in  the  Cordillera  Central.  .Vn  P^nglishman  of  long  residence^  in 
northern  Luzon,  who  had  handled  nmch  Tgorrote  gold  connnercially, 
informed  me  that  no  outsiders  of  any  race  were  permitted  to  visit  the 
quartz  mines  or  even  to  prospect  for  quartz,  though  such  are  some- 
times allowed  to  wash  gravels  in  the  streams  of  the  Agno  and  the 


1  Islet  10  miles  from  Mambulao. 

'  Sucesas  de  las  islas  Filipina.s,  Mexico,  16(I9.  p.  VM.    This  rare  work  is  in  ihe  library  of  Harvard 
College. 
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Abra  river  basins.  This  concession,  I  take  it,  is  a  sign  that  the  Igor- 
rotes  consider  such  gravels  prettj^  well  exhausted.  As  will  be  seen  in 
the  account  to  be  given  of  the  copper  deposits,  the  Igorrotes  are 
gifted  with  mechanical  skill  and  are  not  afraid  of  solid  rock.  It  is  to 
be  inferred  that  their  quartz  mining,  though  rude,  is  tolerably  effective, 
and  perhaps  approaches  Mexican  work.  The  great  topographical 
accentuation  of  their  country  favors  tunnel  drainage  and  must  enable 
them,  in  many  cases,  to  dispense  with  pumping  or  bailing.  Beyond 
the  information  already  given,  I  have  been  able  to  ascertain  nothing 
of  interest  concerning  this  northern  district,  which,  as  has  been  noted 
elsewhere,  lies  in  a  region  of  crystalline  schists  and  older  massive 
rocks.  I  am  aware  of  no  indication  that  neo-volcanic  rocks  are  so  asso- 
ciated with  the  quartz  veins  as  to  lead  to  the  hypothesis  that  the  gold 
deposits  arc  related  to  these  eruptions.  Indeed,  throughout  the  archi- 
l)elago  the  phenomena  point  to  an  age  at  least  as  great  as  the  Mesozoic 
for  the  greater  part  of  the  gold,  while  analogy  with  other  gold  tields 
suggests  that  the  Tertiary  period  of  volcanism  must  have  brought 
about  a  partial  renewal  of  the  conditions  necessary  and  sufficient  to 
lead  to  gold  deposition.  The  corresponding  phenomena,  however,  are 
3'et  to  be  observed. 

The  gold  district  of  Camarines  Norte  is  also  in  the  gneissic  rocks. 
Here  quartz  veins  are  found  carrying,  })esides  gold,  iron  pyrite,  copper 
pyrite,  galena,  and  zinc  blende,  sometimes  also  accompanied  by  lead 
chi'oniate.  At  Labo,  Centeno '  notes  that  native  copper  is  occasion- 
ally, yet  rarely,  observed  in  the  veins,  and  Morga  observes  that  the 
gold  is  allo3'ed  with  copper.  The  general  direction  of  the  veins  in 
this  region,  according  to  Centeno,  is  north  and  south,  except  those  of 
Gumihan  and  of  iNIount  Lugas,  which  strike  northwest.  They 
are  approximately  vertical,  and  their  width  is  fi-om  1  to  5  inches, 
though  at  some  points  they  are  much  wider,  reaching  3  or  4  hands 
(palmas),  })ut  in  such  cases  they  become  poorer. 

Mr.  von  Drasche  made  an  excursion  from  Mambulao  to  a  locality 
called  Dagupan,  which  had  recently  been  opened  up.  and  imparts  the 
following  information: 

The  road  from  Mambulao  leads  southwesterly  over  black  clay  elates.  These  clay 
slates,  of  uncertain  age,  are  intersected  by  numerous  intensely  corroded  cellular 
quartz  stringers,  in  which  the  gold  occurs.  The  water  courses  carry  numerous 
auriferous  pebbles,  and  sand,  which  is  washed  for  gold.  At  the  time  of  my  visit  a 
great  number  of  small  shafts  were  also  being  driven,  some  15  fathoms  (Klafter)  deep, 
esi>ecially  at  points  where  quartz  stringers  were  visible  at  the  surface.  The  very 
primitive  methods  of  concentration  naturally  involve  the  loss  of  a  great  part  of  the 
gold,  but  the  profits  seemed  to  me  good,  for  there  were  more  than  700  men  and 
women  at  work.  ^ 

1  Memoria  geologico-minera,  1876,  p.  47. 

-  Fragmente,  1H78,  }>.  63.  I  do  not  find  Dagupan  near  Mambulao.  There  is  gold  at  Tumbaga,  a 
Uttle  west  of  .south  from  Mambulao. 
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Of  course  thero  are  numerous  ])lacer  mines  in  this  region,  but  of 
these  there  is  nothing  speeial  to  tell.  Besyh  sands  are  also  washed. 
Reports  indicate  that  gold  is  found  in  the  wall  I'oeks  as  well  as  in  the 
veins,  )>ut  I  suspect  that  this  is  for  the  most  part  an  erroneous  conclu- 
sion. In  such  a  country  the  saprolite,  or  rotten  rock  in  place,  is  often 
auriferous,  even  when  the  tiniest  quartz  stringers  can  not  be  found, 
and  this  is  to  be  traced  to  the  solution  or  replacement  of  small  aurifer- 
ous quartz  sti'ingers.  the  gold  after  the  removal  of  the  quartz  remain- 
ing in  the  saprolite.  Mr.  von  Drasche's  statement  that  the  stringers 
are  corroded  and  cellular  shows  that  such  solvent  action  is  going  on, 
and  miners  should  at  least  beware  of  assuming  that  there  is  gold  in  the 
solid  rock,  excepting  at  contact  with  veins. 

Mr.  Thomas  Browne,  a  miner,  informed  me  that,  at  Paracale,  the 
rock  is  granitic  and  the  nearly  vertical  veins  strike  N.  about  4:(P  E. 
He  stated  that  there  are  veins  as  much  as  20  feet  in  width  ;  and  a  chute 
in  one  is  alleged  to  have  given  assays  as  high  as  38  ounces  to  the  ton. 
Such  assays,  of  course,  mean  very  little,  for  it  is  seldom  that  a  gold 
mine  offers  no  rich  specimens. 

The  descriptions  of  Camarines  Norte  remind  me  greatly  of  the  gold 
fields  of  the  southern  Appalachians. where  also  tinv  veins  and  aurifer- 
ous saprolite  play  a  relatively  large  part.  I  can  see  nothing  to  indi- 
cate that  Camarines  will  ever  be  very  important  as  a  gold-producing 
region.  Certainly  it  is  no  "  poor  man's  countr}-,"  nor  has  it  vet  proved 
profitable  to  enterprises  with  capital.  The  industi-ial  histoiy  of  this 
district  is  one  of  decadence.  It  must  have  been  of  this  region  that 
Hernando  Ricjuel  wrote  in  1574  in  his  ""  ver}*  true  and  certain  account  of 
what  has  recently  been  known  concerning  the  new  islands  of  the  West." 
He  says  that  in  Luzon  "there  are  many  mines  of  gold  in  many  parts 
which  have  been  .seen  by  Spaniards,  and  all  say  that  the  natives  work  it 
as  they  work  silver  mines  in  New  Sjjain.  And  the  metal  has  a  continu- 
ous vein  like  the  silver  oi-e.  Trials  have  been  made,  and  the  mineral 
pn'sents  itself  so  plentifully,  that  I  do  not  write  about  it,  lest  they 
should  suspect  me  of  exaggeration  fhow  convincing  is  such  fine  self- 
control  !J;  but  it  is  sufficient  to  say  that  I  swear,  as  a  Christian,  that 
there  is  more  gold  in  this  island  than  there  is  iron  in  Biscay."  ' 

Tradition,  indeed,  indicates  that  the  placers  were  originallj'  very 
rich;  and  this  there  is  no  reason  to  doubt.  A<'cording  to  Morga  the 
natives  worked  them  with  more  eniM'gy  before  the  Spanish  coiuiuest 
than  after  it.  Spaniards  coming  fiom  ^Mexico  early  .settled  in  Cama- 
rines Norte,  and  l)rought  with  them  Mexican  methods  of  treating  the 
ore.  which  are  still  pnicticed  there.  In  1()43  the  Crown  levied  a  royalty 
of  a  fifth,  which  was  later  reduced  to  a  tenth.  In  Morgans  time  (KiOO) 
the  reduced  royalty  yielded  ^1(),0()(>  aniuially,  and  Gemelli  Canvri 
learned  from  the  Governor  at  Manila  that  the  product  was  ^20(),()()0, 

1  Broad  sheet  printed  nt  Seville  in  1574.  Taken  from  App.  4  to  H.  E.  J.  Stanley's  translotion  of 
Morga's  Sueesos  de  lo.s  Islas  FiUplnas,  Mexico,  1609.  London,  for  the  Hakluyt  Soc.,  1868. 
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which  is  a  reasonable  figure,  since  such  a  royalty  was  sure  to  be  evaded 
in  large  measure.  Spaniards  began  to  establish  works  on  a  larger  scale 
about  1700,  and  ever  since  that  time  there  has  been  a  long  procession 
of  enterprises  following  one  another  to  disaster  and  oblivion.  The 
nearest  approac-h  to  success  seems  to  have  been  attained  by  Francisco 
Estorgo,  in  the  middle  of  the  last  century.  He,  lucky  man,  after 
losing  one  fortune  at  Mambulao,  made  another  at  Paracale,  and  wisely 
went  home  to  Spain.  In  1876  Centeno  reported  that  the  production 
was  30  ounces  a  month,  bringing  about  $10  per  ounce,  so  that  the 
annual  gross  receipts  of  the  entire  mining  population  were  $3,600.  It 
is  to  be  hoped  that  expenses  were  small,  and  it  is  no  wonder  that  Jagor 
found  the  people  almost  naked  and  extremely  poor.* 

For  pulverizing  the  ore  the  natives  use  a  species  of  trip  hanuner 
made  by  attaching  a  heav}'  stone,  serving  as  a  head,  to  a  sapling.  A 
second  stone  answers  for  an  anvil.  After  placing  the  quartz  on  the 
anvil,  the  workman  drives  down  the  head,  the  elasticity  of  the  sapling 
raising  it  again  for  a  fresh  blow.  The  crushed  quartz  is  ground  in  an 
arrastre.  concentiated  in  a  batea,  and  washed  clean  in  a  cocoanut  shell. 
In  this  last  operation  a  soapy  vegetable  sap  (gogo)  is  added,  Ifanc}^  in 
order  to  prevent  gold  from  floating. 

In  Panay.  ^Nlr.  Al)ella  gives  a  numl)er  of  localities  at  which  gravels 
have  been  washed  for  gold,  seemingh'  without  notable  success.  The 
best  of  them  appears  to  be  at  Astorga,  a  suburb  of  Dumarao.  This 
town  is  in  the  Province  of  Capiz  and  its  latitude  is  11*-^  16'.  No  product 
is  stated.  In  the  Province  of  Iloilo  gold  is  known  at  San  Enrique  and 
Barotoc  Viejo.  In  Cebu  there  are  old  Avorkings,  but  all  of  them  were 
abandoned  in  1886.  Some  of  them  had  been  opened  on  pyritous  vein- 
lets  in  diorite.     In  the  Island  of  Samar  there  is  gold  at  Pamljujan. 

The  Island  of  Panaon  lies  immediately  south  of  Leyte.  On  its 
eastern  coast  is  a  settlement  called  Pinutan,  and  a  short  distance  to  the 
southeast  of  the  town  is  a  mine  which  was  examined  by  William 
Ashburner.  Several  veins  of  quartz  outcrop  on  the  coast,  and  extend 
in  a  westerly  direction  into  the  mountain.  These  veins  are  parallel; 
they  strike  east  and  dip  south.  The  wall  rock  is  '  •  greenstone-porphy  r3^  " 
There  is  some  wall  rock  in  the  vein,  and  the  sulphurets  are  chiefly 
pj^rite,  accompanied  by  galena  and  zinc  blende.  One  vein,  about  6 
feet  wide,  has  been  worked  to  a  considerable  extent,  some  871  tons 
having  been  treated  up  to  1883.  The  yield  was  $6  or  17  per  ton.^ 
Concessions  for  gold  mining  have  been  granted  at  Tigbauan,  just  south 
of  Pinutan,  and,  according  to  the  Compendio  de  Geografia,  there  was 
a  productive  mine  at  Inolinan.  This  name  is  borne  by  a  point  in  the 
southwestern  part  of  the  Island  of  Panaon,  but  no  settlement  called 
Inolinan  is  marked  on  the  map.  The  deposits  of  this  island  are  evi- 
dently near  together  and  doubtless  in  the  same  formation, 

'Of.  Centeno,  Mem.  geol6g.-min.,p.47;  and  Jagor,  Reisen,  pp.  141,  150. 
2 Manuscript  report. 
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Tho  mystery  of  the  unknown  still  hangs  about  the  Island  of  Min- 
danao, and  there  is  an  impression  in  many  minds  that  it  is  an  Eldorado. 
More  is  known  of  it  than  is  generally  supposed,  and  what  is  known 
justifies  no  extravagant  anticipations.  The  auriferous  regions  are  two  ; 
one  of  them  lies  immediately  south  of  the  Bay  of  Macajalar,  on  the 
north  coast,  in  the  provinc(>  or  district  of  Misamis:  the  other  comprises 
the  eastern  coast  range  of  the  island,  in  Surigao  Province,  but  is 
only  known  to  contain  gold  in  promising  quantities  near  the  northern 
end  of  that  range.  Of  the  two  districts,  that  in  Misamis  is  the  more 
famous. 

The  Misamis  gold  field  has  been  reported  upon  b}-  Sainz  de  Baranda, 
Centeno.  Minard,  and  Abella.  The  last-named  geologist  studied  this 
region  more  thoroughly  than  the  others,  and  is  the  chief  authority  on 
the  sul)ject. 

The  auriferous  deposits  include  veins,  placers,  and  river  sands;  the 
veins,  however,  have  been  worked  only  to  a  slight  extent  and  were 
abandoned  long  before  Mr.  Abella's  visit.  Very  little  gold  comes 
from  the  river  beds.  The  placers  lie  near  the  rivers,  but  at  some 
distance  above  them,  and  it  is  evident  from  the  descriptions  that  the 
recent  uplift  of  the  coast  has  engorged  the  rivers  to  some  extent. 

Four  rivers  emptying  into  the  Bay  of  Macajalar  are  flanked  by 
placers.  The  most  important  is  the  Iponan,  and  the  gravels  are  scat- 
tered along  it  for  a  distance  of  12  miles.  On  the  Rio  Cagayan  (not  to 
be  confounded  with  the  great  river  of  noi-thern  Iaizou),  or  rather  on  a 
tributary,  the  Bitog,  there  are  gravels  for  about  2  miles.  There  is  a 
single  placer  on  the  Bigaan  and  two  on  the  Cutman.  The  one  locality 
where  gold-bearing  (juartz  in  place  is  found  is  also  close  to  the  Cut- 
man,  less  than  8  miles  from  the  town  of  Agusan.  These  rivers  are 
known  to  be  accompanied  by  placers  farther  south  than  the  latitude  of 
Iligan — say  8°  10' — but  that  part  of  the  country  was  in  the  hands  of  hos- 
tile Mohanunedans  and  was  inaccessil)le  to  Mr.  Abella.  The  ^Sloros 
worked  them,  however,  doubtless  by  the  same  methods  as  the  Christian 
Indians  of  the  coast.  Along  the  Iponan  the  gravels  are  found  at  an 
elevation  above  the  river  which  usually  does  not  exceed  «)♦!  feet,  or  20 
meters.  Thev  are  not  contimious,  ])ut  occur  in  patches,  the  conditions 
showing  that  intermediate  ai-eas  have  been  removed  by  erosion.  They 
rest  on  marls  or  conglomerates,  supjiosed  to  be  Tertiary;  and  the 
miners  distinguish  three  layers— l)lack,  grass-root  soil;  red,  plastic 
day:  and  the  pay  streak  (dugcalon).  The  last  consists  of  sand,  (juartz. 
pebbles  of  porphyry,  and  pebbles  of  magnetite.  The  pay  stn>ak  runs 
from  half  a  meter  to  3  meters  in  thickness,  and  seems  to  average  about 
1.0  meters,  or,  say,  oj  feet.  Mr.  Abella  was  at  nuich  pains  to  deter- 
mine the  amount  of  gold  per  cul)ic  meter  in  the  Iponan  placers,  and 
found  it  about  3.5  grams.  The  average  fineness  of  the  gold  is  0.(5.58, 
and  the  pay  gravel  would,  therefore,  i  un  1  pennyweight  3  grains  per 
cubic  yard  in  fine  gold. 
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The  placers  of  the  other  river  basins  just  mentioned  differ  inconsid- 
erably from  those  of  Iponan.  The  gold  from  the  Cagayan  is  a  little 
finer,  that  from  the  Bigaan  and  the  Cutman  a  little  baser.  The  thick- 
ness of  the  pay  streaks  is  within  the  same  limits. 

The  river  washings  amount  to  nothing  in  the  wa}^  of  product.  It  is 
well  to  note  that  those  engaged  in  it  make  from  12^  to  25  cents  a  day. 

Quartz  stringers  carrjnng  gold  are  found  at  Pigholugan  Hill,  on  the 
right  bank  of  the  Cutman,  between  the  gulches  called  Cabagcahan  and 
Pigholugan.  The  rock  is  metamorphic  argillo-siliceous  slate,  striking 
NNE.  The  stringers  vary  in  thickness  from  l.G  to  8  inches,  and  are 
nearly  vertical,  striking  E.  They  contain  wire  gold  as  well  as  metal 
in  scales,  and  a  little  arsenopyrite.  There  are  ancient,  abandoned, 
caved-in  workings  on  this  deposit. 

It  is  a  remarkable  fact,  pointed  out  by  Mr.  ^Slinard,  that  th(>  Misa- 
mis  gravels  contain  platinum  as  well  as  gold,  a  statement  confirmed  l)y 
Mr.  Kspina,  but  not  referred  to  by  Mr.  Abella.  Mr.  Minai-d  also 
found  in  the  placers  flakes  of  lead,  which  he  supposed  to  be  native. 
In  all  probability,  however,  it  is  Spanish,  nmch  amnuinition  having 
been  expended  at  various  times  in  this  region. 

In  Avorking  the  placei's  the  natives  concentrate  by  a  species  of  pud- 
dling and  handle  the  concentrates  with  the  batea  and  the  cocoanut  shell, 
which  in  the  Philippines  seems  to  take  the  place  of  the  horn  spoon  in 
Mexico.  Placers  are  worked  only  in  the  rainy  season.  I  do  not  find 
in  Mr.  Abella's  memoir  any  estimate  of  the  output.  Mr.  Centeno  puts 
it  at  about  $27,000  per  annum. 

According  to  the  Compendio  de  Gcografia,  the  eastern  range  of 
Mindanao  is  auriferous  from  its  northern  extremity  as  far  south  as 
Caraga,  latitude  7°  12',  but  chiefly  in  the  neighborhood  of  Surigao, 
Mainit,  Taganaan,  Placer  (all  within  20  miles  of  the  northern  cape), 
Lianga  (latitude  8^  33'),  and  iSuribao  (latitude  8-'  25').  Centeno  gives 
some  fuither  details.  In  the  townships  of  Taganaan  the  localities  are 
Bagon-Duangan  and  Danao.  In  Placer  Township  the  gold  is  found 
at  Tinabingan.  The  most  important  district,  he  sa\^s,  is  in  the  moun- 
tains of  Canimon,  Binutong,  and  Canmahat,  ''a  day's  journey''  (10 
miles?)  from  the  town  of  Surigao.  Here  there  are  veins,  in  talcose, 
serpentinoid  slate,  up  to  3i  inches  in  width.  Some  are  quartzose  and 
others  carrj'  carbonates.  In  these,  especially  the  latter,  occurs  gold 
with  iron  and  copper  pyrite,  galena,  and  zinc  blende.  The  rich  veins, 
he  says,  strike  east  and  west,  while  other  poorer  or  barren  veins  take 
other  -dii'ections.  The  veins  are  pockety  and  very  little  work  has  been 
done  on  them. 

William  Ashburner,  a  California  mining  expert  of  note,  visited  Suri- 
gao in  1883.  He  examined  some  washings  on  the  Consuran  River, 
where  the  Biga  empties  into  it,  8  miles  south  of  the  town  of  Surigao. 
Here  he  found  gold  which  was  angular  and,  in  one  case,  filiform.  He 
met  no  quartz,  and  thought  the  gold  must  come  from  decomposed 
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eruptive  rock.  Tn  discussing  Camariiies  Norte  I  have  referred  to  the 
fact  that  (juartz  may  be  removed  by  solution,  or  converted  into  .sili- 
cates. Ashburner  was  informed  that  $20,000  had  been  taken  out 
during  the  previous  year.  The  placer  is  worked  in  the  same  way  as 
are  the  placers  on  the  Iponan.  He  also  examined  a  slate  belt  at  the 
head  of  the  Consurati,  which  contained  irregular  oold-bearing  pockety 
stringers  of  quartz  and  spar.  This  must  be  near  the  localit}^  called 
Canimon  by  Centeno,  and  is  perhaps  identical  with  it.  It  evidently 
re.seml)les  Pigholugan  in  Mi.samis.  Ashburner  visited  Placer  to  see  a 
deposit  forming  a  ridge  between  two  small  streams  and  rising  to  a 
height  of  150  or  200  feet.  Here  he  found  fragments  of  auriferous 
quartz,  which  were  being  worked,  but  no  vein.  Neither  in  this  region 
nor  in  the  Island  of  Panaon  was  Ashburner  able  to  Hnd  anything  which 
he  could  recommend  to  his  clients.  Indeed,  all  the  reports  from  Min- 
danao made  by  responsible  engineers  indicate  ver}^  mediocre  deposits, 
a  large  part  of  which  is  already  exhausted. 

In  addition  to  the  gold  deposits  described  above  in  the  Philippines, 
there  are  certain  localities  not  known  to  be  of  any  commercial  value, 
but  which  are  of  interest  becau.se  they  tend  to  throw  light  on  the  dis- 
tribution of  the  formations  whence  the  gold  is  derived,  presumably 
older  massive  and  schistose  rocks.  Gold  is  found  at  Pamplona,'  in 
the  extreme  north  of  Luzon,  latitude  18°  25',  and  is  probably  derived 
from  the  northern  portion  of  the  Cordillera  del  Norte.  Another  locality 
is  Baliiicaguin,'  in  Zanibales  Province,  latitude  1<>"  7'.  A  gold  mine 
has  been  opened  on  the  Island  of  Polillo,  near  the  town  of  that  name,^ 
latitude  14°  50'.  This  island  is  on  the  east  coast,  and  belongs  to  the 
Province  of  La  Infanta.  Lahuy  *  and  Catanduanes'^  are  islands  Wing 
to  the  eastward  of  Camarines  Sur,  and  are  both  reported  to  be  aurifer- 
ous, as  is  the  township  of  Caramuan,  on  the  peninsula  adjoining  them. 
To  th(>  south  of  Catanduanes  is  the  Island  of  Rapurapu,"  which  con- 
tains ttoth  coal  and  gold.  Sibuyan  Island'  is  north  of  Panay,  and 
gold  has  l)een  found  there.  At  Lubang,  on  the  island  of  that  name, 
which  belongs  to  Mindoro  Province,  Dana  found  gold-quartz  veins 
and  chalcopyrite." 

It  has  been  alleged  that  Mindoro  itself  is  auriferous,  but  this  state- 
UKMit,  I  think,  refers  to  the  province  rather  than  to  the  island;  at  least 
the  only  locality  I  have  been  al)le  to  hear  of  in  this  province,  besides 
Lubang,  is  at  Mospog,*  on  the  Island  of  Marinducpie,  to  the  northeast 
of  the  Island  of  Mindoro.  The  natives  wash  gold  from  the  sands  of 
Masbate.'"     There  is  gold  in  northern  Bohol,  at  Getiife,"  and  on  Dina- 

1  Quia  oncial,  1898,  p.  125.  '  Ibid.,  and  Saiuz  de  Baraiida,  loc.  cit. 

sibld.  'U.S.Expl.  Kxp.,  Vol.  X,  1849,  p.  539. 

'  Map  of  Luzon,  d'AImonte,  1888.  •  Map  of  Luzdn,  d'Almonte,  imi. 

*  (inla  Oflcial,  1898,  p.  125.  'oCompendio  de  geoffrafia,  1H92,  pp.  23, 72. 

'•  Kspina,op.cit.,p.l71.  "Quia  Oflcial,  1898, p.  125. 

» Centeno,  Mem. ge()li')g.-niin..  1879,  p. 4(1. 
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gat,'  an  island  just  north  of  the  northern  extremity  of  Mindanao.  In 
Negros,  as  1  learned  from  (lovernor  Larena,  alluvial  gold  is  found  in 
two  rivers.  One  of  them  is  the  Nabulao,  in  the  western  portion  of  the 
island,  and  the  other  is  the  Zamboanguita,  at  the  southern  extremity. 
In  Jolo  also  gold  is  known  to  exist:  at  least,  so  1  was  assured  while 
there. 


The  only  copper  deposits  which  are  known  to  be  important  are  in 
the  Province  of  Lepanto,  near  Mount  Datii  (latitude  16°  57'),  and 
these  are  also  the  only  ones  conceiiiing  which  any  detailed  information 
is  available.  They  have  been  reported  upon  by  Antonio  Hernandez,^ 
who  visited  them  in  1850,  and  ))y  Jose  Maria  Santos,^  who  examined 
them  in  1861.  They  have  lieen  worked  by  that  strange  tribe  of  natives, 
the  Igorrotes,  probably  before  the  Spanish  discovery  of  the  archipel- 
ago, and  ever  since.  For  a  time  they  were  also  exploited  by  the 
Cantabro-Filipina  Company  of  Mancayan,  under  the  direction  of  Santos, 
whose  death  would  appear  to  have  crippled  the  enterprise.*  Prelim- 
inarv  work  commenced  in  1856,*  l)ut  production  did  not  ])egin  till  1861. 
From  that  year  to  1874,  1.116  metrical  tons  (at  1,000  kilos)  was  pro- 
duc-ed,"  but  when  von  Drasche  visited  the  place,  in  the  winter  of  1875-76, 
no  work  was  going  on.  I  have  not  heard  that  the  company  has  ever 
resumed.  A  difficulty,  and  seemingly  the  chief  one,  is  the  inaccessible 
position  of  the  mines  on  the  divide  between  the  headwaters  of  the 
Agno  and  the  Abva."  When  narrow-gauge  railways  pass  up  these 
valleys  the  question  of  transportation  will  be  solver). 

The  chief  deposits  are  at  Mancayan,  but  in  the  same  region  there 
are  veins  also  at  Suyuc,  Bumucun,  and  Agbao.  These  latter  carry 
ores  differing  somewhat  in  composition  from  those  of  Mancayan,  and, 
in  the  opinion  of  Santos,  could  be  mixed  with  those  of  the  greater 
deposit  to  advantage.  Mancayan  lies  about  5  miles  west  of  Data,  and 
the  other  localities  can  most  easily  be  placed  with  reference  to  it. 

As  Santos  describes  Mancayan,*  the  veins  would  seem  to  be  asso- 
ciated with  a  mass  of  quartz-porphyry,  either  caught  up  in  an  erup- 
tion of  a  neo-volcanic  rock  or  bounded  by  parallel  fissures  through 
which  lava  has  been  extruded.  It  may  be  somewhat  difficult  to  regard 
this  view  as  final,  but  it  seems  more  acceptable  than  Mr.  von  Drasche's 
assertion  that  the  veins  lie  a  lens  of  quartz  embedded  in  trachyte. 

The  following  notes  are  taken  from  Santos  and  for  the  most  part  are 

1  Compendio  de  geogralia,  1892,  pp.  23, 72;  and  Sainz  de  Baranda,  Cons,  geogn.,  etc.,  1841. 

2  Revista  minera,  Madrid,  Vol.  11, 18.51,  pp.  U2-118. 

3  Informe  sobre  las  minas  de  cobre.    ...    en  Lepanto,  Manila,  1862. 
*  Centeno,  Memoria  geol6gico-minera  de  las  is.  Fil.,  1876,  p.  44. 

6  Santos,  Informe,  p.  20.  «  Centeno,  op.  clt.,  p.  45. 

'  The  altitude  doesnot  seem  to  have  been  determined.  I  was  told  in  Manila  that  it  is  about  6,000 
feet.  *  Op.  cit ,  pp.  25  et  passim. 
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literally  translated.  The  Mancayan  deposit  appears  in  a  deep  ravine 
called  Fabio  or  Magambang,  on  the  south  side  of  Mount  Aban,  one  of 
the  western  spurs  of  the  great  Data.  At  this  locality  there  is  a 
quartzose  mass  in  a  vertical  position,  not  more  than  80  or  100  meters 
in  thickness,  which  strikes  northwest  and  is  exposed  at  the  southeast 
by  a  great  cut,  partly  due  to  the  mining  operations  of  the  natives. 
Toward  the  northwest  it  is  partially  concealed  and  at  a  distance  of  400 
meters  disappears  under  argillaceous  porphyr}',^  which  is  more  recent. 
The  siliceous  mass  is  of  similar  character  throughout  its  extent;  it  is 
sometimes  compact,  sometimes  crystalline,  often  porous,  and  always 
charged  with  iron  pyrite.  It  contains  decomposed  feldspar  in  irregu- 
lar veins  or  porphyritically  disposed.  The  croppings  are  of  coluuuiar 
form.  The  whole  mass  is  fissured  or  jointed  in  different  directions, 
though  the  principal  ore-bearing  fissures  strike  WNW.  On  the 
strike  of  the  quartzose  mass,  some  14  meters  to  the  northwest,  there 
are,  as  it  were,  small  islands  of  quartz-porphyry  in  the  argillaceous 
rock,  which  latter  is  there  of  sinall  thickness.  From  these  con- 
ditions it  is  to  be  inferred,  according  to  Santos,  that  the  quartzose 
mass  under  discussion,  inclosing  the  ore  deposits,  is  a  bod}^  of  quartz- 
porphyry  completely  metamorphosed  by  the  advent  of  the  argillaceous 
porphyry  and  subse(iuently  l)y  the  process  of  ore  deposition.  Be  the 
origin  of  the  compact  quartz  what  it  may.  it  is  at  all  events  older  than 
the  argillac(!ous  porphyry.  This,  by  its  own  intrusive  force  and  by 
the  contraction  attending  its  consolidation,  produced  the  fissures  or 
cracks,  not  onl}'  cleaving  the  quartz  but  continuing  into  its  own  mass; 
and  these  openings  were  filled  with  ore  subsequently  to  the  complete 
consolidation  of  the  rock.  Mr.  Santos  was  led  to  this  conclusion  from 
inspection  of  a  drift  on  a  vein  which,  after  passing  out  of  the  quartz- 
ose mass,  followed  the  contact  between  it  and  the  porphyry  and  at  last 
struck  into  that  rock,  the  strike  of  the  vein  making  changes  of  direc- 
tion to  correspond  with  the  course  indicated.  In  the  more  important 
workings  it  is  apparent  that  the  ore  occupies  not  only  the  larger  fis- 
sures, which  strike  WNW.,  l)utalso  veins  which  have  a  different  direc- 
tion, the  two  systems  forming  a  network  or  reticulated  vein.  At  the 
time  of  Mr.  Santos's  visit  three  parallel  veins  were  exposed,  dipping 
at  To  to  the  NNE.  They  had  a  mean  width  of  1  foot.  He  inferred 
from  the  cropi)ings  and  the  old  workings  of  the  Igorrotcs  that  there 
nuist  be  not  fewer  than  six  veins.  As  ores  Santos  i-ecordcd  tetrahe- 
drite.  both  antimonial  and  arsenical.  chalcop3'rite,  chalcosite,  peacock 
ore,  the  l)lack  oxide,  and  otlier  oxidized  or  carbonated  species,  as  well 
as  iron  pyrite.  The  chief  ore  is  tetrahedrite.  The  gangue  he  calls 
white  day.  C'omb  or  ril)bon  structure  is  common  and  the  proportion 
of  the  various  cupriferous  minerals  is  very  variable. 

'  I  understand  Siintos  to  meim  by  this  term  a  quartzless,  partially  decomposed  lava,  which  he,  as 
wtU  as  von  Drasche,  rogarded  as  trachyte. 
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Santos'  made  an  effort  to  avoid  the  tendencj'  to  select  rich  speci- 
mens in  samplino',  and  gives  the  following  as  the  mean  composition  of 
the  different  ore  breasts  of  the  native  workings: 

•      }fe(in  composition  of  the  ore  hrca9t»  of  the  native  Mancnijan  copper  workingx. 

Percent,  Percent. 

Copper 16.64     Iit)n 1.84 

Silica ." 47.  06     Loss 0. 

Sulphur 24.  44 

Antimony 5. 12 

Aifienic 4.  65 

At'tei-  a  preliminarv  sorting,  which  takes  place  in  the  mines,  a))()ut 
4(>  per  cent  of  the  ore  carries  over  10  per  cent  of  copper,  and  more 
than  half  the  ore  contains  al)ove  G  per  cent  of  metal. 

Mr.  Carl  Zerrener-  described  enargite  and  covellite  from  sp(>cimens 
of  Mancayan  ores  in  IStJ!*.  and  Mr.  A.  Weisbach  in  1874,' from  similar 
specimens.  estal)lished  the  species  luzonite,  which  he  regarded  as 
dimorphous  with  enargite.  Mr.  August  Frenzel  also  has  described 
the  luzonite  and  other  ores  from  Mancayan,  as  well  as  the  matte.* 

Mr.  \()n  Drasche  visited  Mancayan  and  made  the  following  note:' 

Mancayan  was  formerly  the  site  oi  extensive  copper-mining  oi)erations,  which  are 
now  discontinued.  The  ore  was  kncjwn  to  and  worked  by  the  Igorrotes  before  the 
coming  of  the  Spaniards.  I  am  indebted  to  the  friendly  connnunicativeness  of  two 
Spaniards  who  were  working  over  old  dumps  for  some  information  about  the  occur- 
rence of  the  ores,  an<l  I  also  went  through  some  of  the  tunnels.  The  copper  ores 
occur  in  a  quartz  lens  embedded  in  sanidine-trachyte,  the  lens  having,  on  the  whole, 
an  E.-W.  elongation.  In  this  ore  [apparently  misprint  for  quartz]  the  ores  occur  in 
parallel  veins,  which  likewise  strike  east  and  west,  so  that  the  tunnels,  which  run 
north  and  south,  cut  all  the  veins.  The  veins  are  said  to  be  locally  as  nuich  as  7 
meters  wide,  and  have  a  steep  dip.  The  distance  separating  these  very  regular  veins 
is  reported  as  generally  very  small.  The  ores  are  chiefly  luzonite,  enargite,  and  covel- 
lite, the  first  often  in  fine  crystals.  I  also  observed  barite,  calcspar,  copper  ])yrite, 
malachite,  stalactites  of  copper  sulphate,  arsenious  acid,  and  a  saponite-like  mineral 
stained  blue  with  copper  salts. 

Suyuc  lies  3  or  more  miles  by  road  southeast  of  Mancayan.  Here 
the  porphyry,  instead  of  being  argillaceous,  becomes  feldspathic  and, 
according  to  Santos,  is  trachj'te.  Sometimes  it  is  so  granular  as  to  be 
easily  confounded  with  syenite.  The  copper  ores  contain  peacock, 
chalcosite.  and  black  oxide,  but  consist  chiefly  of  mingled  copper  pyrite 
and  iron  pyrite.  They  occur  in  veins  and  are  associated  with  a  white, 
opaque,  feldspathic  mass  full  of  veinlets  of  quartz  and  iron  oxides. 
The  Igorrotes  have  worked  these  deposits,  but  not  extensivelv. 

Three  miles  eastward  of  this  deposit  lies  Bumucun.  Here  there  is 
a  vein  at  the  bottom  of  a  stream  containing  chalcopyrite,  quartz,  and 
fluorspar  with  smaller  quantities  of  derivative  copper  ores.     The  vein 

1  Informe,  p.  38.  ^  Berg-  und  huttenmiinnische  Zeitung,  1869,  pp.  105, 113. 

3Min.  Mittheil.,  suppl.  to  K.-k.  geol.  Reiehsanstalt,  1874,  p.  257. 
* Min.  Mittheil.,  1877,  pp.  203-2(M.  s Fragmente,  1878,  p.  36. 
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i.s  S  or  10  inches  in  width,  strikes  H,  and  dips  N.  ahnost  vertically. 
The  natives  were  able  to  go  down  only  some  30  feet  on  account  of 
water.  This  ore  and  that  of  Suyuc  would,  in  Santos's  opinion,  he 
valuable  at  Mancayan.  because  they  contain  no  antimony,  little  arsenic, 
and  plenty  of  iron. 

Agbao  is  a  mile  and  a  half  south  of  Suvuc.  It  has  three  small  veins 
within  3  feet,  separated  only  by  clay.  They  aggregate  only  (5  inches 
in  width,  strike  NE.,  and  dip  SE.,  at  45°.     The  ore  is  tetrahedrite. 

The  copper  miningand  smelting  of  the  Igorrotes  is  a  very  curious  and 
interesting  matter.  This  tribe  is  in  most  respects  semibarbarous. 
They  are  heathens  and  live  in  squalor.  Semper  visited  them  and  fur- 
nishes a  really  disgusting  description.  He  also  points  out,  however, 
that  industrially  the}^  stand  on  an  astonishingly  high  level,  and  show 
most  remarkable  skill  in  the  working  of  metals  as  well  as  in  their  extrac- 
tion. They  have  turned  out  not  merely  implements  of  small  dimen- 
sions, but  copper  kettles  no  less  than  3i  feet  in  diameter.  From  1840 
to  1855,  according  to  Santos,  as  much  as  20  tons  of  copper  utensils 
and  ingots  were  exported  annually  by  the  Igorrotes.  They  made 
pots,  tobacco  pipes,  and  ornaments.  It  was  this  trade  which  drew  the 
attention  of  the  Spaniards  to  the  region.  It  was  the  opinion  of  Santos 
that  the  Igorrotes  have  Chinese  or  ,Iapanese  blood,  and  it  is  commonly 
believed  that  they  are  descended  from  Chinese  invaders  who  brought 
the  art  of  smelting  with  them.  Their  appearance  and  their  customs 
are  considered  as  indicating  such  an  origin. 

Their  mining  and  metallurgy  were  first  investigated  by  Hernandez, 
later  and  more  fully  })y  Santos.  It  is  almost  humiliating  to  find  how 
well  up  in  technology  these  dirty  savages  are,  but  perhaps  the  great 
discoveries  in  copper  smelting  have  been  common  property  ever  since 
the  age  of  bronze. 

The  following  account  is  almost  literally  translated  from  Santos's 
memoir: 

The  oi-e-bearing  territory  is  divided  among  th(>  neighboring  villages 
in  proportion  to  the  number  of  inhabitants,  and  any  attempt  to  shift 
the  (^laim  limits  leads  to  bloodshed.  The  property  of  each  village  is 
again  divided  among  certain  families,  in  consequence  of  which  the  dis- 
trict looks  like  a  honeycomb.  Winning  in  is  accomplished  by  firing — ' 
that  is,  by  kindling  a  Kre  at  suitat)h>  spots  against  the  breasts,  so  that 
the  tension  of  the  a<|ue()us  vapor  developed  in  the  ore  may  split  off 
Hakc^s,  this  operation  being  assisted  by  the  use  of  iron  tools.  The  tirst 
sorting  takes  jjlace  in  th(^  mines,  the  reject(Hl  portion  l)eing  left  on  the 
floor  and  so  raising  it  that  at  subsequent  firings  the  flame  of  the  l)illets 
licks  the  face  and  much  of  the  roof.  The  character  of  the  rock  and 
the  imperfect  nature  of  the  process  led  to  many  cases  of  caving,  some 

•  In  IWiy  I  witnesscrt  firing  in  the  Rammelsbcre  mini-  at  Goslnr.  It  was  there  practiced  only  on  Sun- 
days.    It  is  cl()ul)llcss  one  of  tlie  oldest  teclinical  processes  known  to  man. 
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of  large  extent.  The  ores  won  were  classitied  into  rich  stuff  and  quartz- 
ose  oi-e.  The  former  went  directly  to  the  furnace,  while  the  latter  was 
subjected  to  a  long  and  thorough  roasting,  during  which,  after  a  part  of 
the  sulphur,  antimony,  and  arsenic  had  been  volatilized,  a  sort  of  sweat- 
ing of  iron  and  copper  sulphides  took  place.  These  substances  united 
in  globules  of  matte,  which  adhered  to  the  exterior  of  the  quartz  frag- 
ments and,  in  great  part,  could  then  be  separated  from  the  gangue. 

The  furnaces  consisted  of  circular  depressions  in  a  clay  floor,  and 
were  15  cm.  in  depth,  with  a  diameter  of  30  cm.  A  nozzle  of  fire 
cla\',  standing  at  an  angle  of  30^  above  the  hole,  united  two  bamboo 
pipes  which  were  fitted  into  the  lower  ends  of  two  cylinders  made  of 
pine  logs,  containing  pistons  packed  with  grass,  which  moved  alter- 
nately up  and  down,  furnishing  blast.'  When  the  furnace  was  ready 
they  charged  it  with  18  or  20  kilos  of  rich  or  roasted  ore,  which, 
according  to  repi^ited  assays,  contains  20  per  cent  of  copper,  taking 
the  remarkable  sc-ientiflc  precaution  to  place  the  ore  at  th(!  nozzle  and 
the  fuel  against  the  wall  of  the  furnace,  this  wall  consisting  of 
uncemented  stones  piled  to  a  height  of  half  a  meter.  After  the  tire 
was  lighted  and  the  blower  put  in  operation,  thick  white  and  orange- 
colored  fumes  were  thrown  off.  these  being  due  to  the  partial  volatili- 
zation of  the  arsenic,  antiujony.  and  sulphur,  until  at  the  end  of  an 
hour  only  sulphur  dioxide  was  given  off',  and  the  temperature  had 
reached  the  highest  possible  point.  The  blast  was  then  stopped  and 
the  product  removed.  This  consisted  of  slag  (or  rather  of  lumps  of 
ore  which  on  account  of  the  quartz  gangue  were  reduced  to  a  porous 
mass  through  the  eliquation  of  the  metallic  sulphides,  and  were  not 
scoritied  because  of  lack  of  l)ases  and  of  a  sufficiently  high  temperature) 
and  a  very  impure  matte,  weighing  4  oi-  5  kilos,  with  a  content  of  50 
to  60  per  cent  copper.  This  matte,  with  that  produced  at  other  simi- 
lar runs,  was  roasted  in  a  strong  tire  for  twehe  to  tifteen  hours,  with 
the  result  that  a  great  part  of  the  three  volatile  substances  mentioned 
above  was  dissipated. 

In  the  same  furnace  they  set  on  edge  the  cakes  of  roasted  matte, 
being  careful  in  this  operation  also  to  place  the  charcoal  against  the 
wall,  and,  after  blowing  half  an  hour,  obtained,  tirst,  slag  consisting 
of  a  silicate  of  iron  with  indications  of  arsenic:  second,  a  matte  with 
70  to  75  per  cent  o!f  metal,  which  they  took  off  in  very  thin  crusts  by 
means  of  sprinkling  the  exposed  surface  with  water;  third,  black 
copper,  more  or  less  in  quantity  according  to  the  degree  of  desulphur- 
ization  of  the  material  smelted,  but  always  impure.  The  mattes 
obtained  in  this  second  operation  were  again  roasted,  with  the  precau- 
tion that  the  wood  was  interposed  between  the  crusts  to  avoid  fritting 
before  the  tire  had  driven  off  the  objectionable  components, 

1  This  is  a  well-known  Chinese  blast  engine,  such  as  I  have  seen  at  the  tin-smelting  works  in  Bangka. 
It  was  in  use  in  China  long  before  bellows  were  abandoned  in  European  works. 


BECKER.] 


589 


To  avoid  loss  through  oxidation  in  casting  copper,  either  black  or 
refined,  they  covered  the  furnace  with  a  helmet-shaped  fire-clay  cruci- 
ble, tiuis  making  it  easier  to  lade  the  metal  into  molds  of  the  same  clay. 

The  black  copper  obtained  at  the  second  heat,  and  the  matte  from  it 
also,  ])ut  only  after  previous  roasting,  were  submitted  to  a  third  smelt- 
ing in  the  same  furnace,  this  being  reduced  in  size  b}'  the  stone  wall 
and  b}-  the  addition  of  the  crucible  mentioned  above.  This  heat  pro- 
duced an  iron-silicate  slag,  and  a  black  copper,  which,  after  casting  in 
clay  molds,  was  forthwith  disposed  of  commercially.  This  black  cop- 
per contained  94  per  cent  copper  and  was  rendered  impure  by  yellow 
carbide  of  the  metal  and  the  oxide,  formed  superficially  daring  slow 
cooling  despite  the  precautions  taken  to  avoid  it  by  whipping  the 
exposed  surface  with  green  boughs. 

If  the  copper  is  to  be  employed  to  manufacture  pots,  pipes,  or  other 
household  utensils  and  ornaments  which  these  natives  make  with  so 
much  patience  and  skill,  they  apply  a  refining  process  differing  from 
the  preceding  in  only  one  feature:  the  amount  of  charcoal  is  diminished 
and  the  (quantity  of  air  increased,  as  the  end  of  the  heat  is  approached, 
for  the  purpose  of  oxidizing  the  carl)ide  of  copper. 

Repeated  assays  have  proved  that,  even  when  they  treated  ores  with 
a  mean  content  of  20  per  cent,  they  got  only  8  or  10  of  black  copper 
at  the  third  heat. 

Concerning  the  remaining  copper  deposits  in  the  Philippines,  scarcely 
anything  is  known  except  the  localities  in  which  they  are  to  be  found. 
In  Mr.  Abella's  sunuuary  of  mineral  resources,  in  the  Guia  Oficial,  he 
states  that  there  is  copper  at  Antamoc  and  at  Casalugan  in  Benguet,  but 
gives  no  details.  In  1823  copper-mining  concessions  were  applied  for 
to  work  two  deposits  in  a  mountain  called  Taloo,  near  Antimonan,  in 
Tayabas  Province.'  It  is,  perhaps,  a  legitimate  inference  that  these 
localities  niv  in  th(>  small  area  of  cr3^stalline  schists  there  noted  by  Mr. 
von  Drasche.  At  the  same  time  application  was  made  for  claims  3^ 
miles  south  of  Mambulao,  at  Iba,  and  on  the  Gulf  of  Guinobatan,  5 
miles  south-southwest  of  Mambulao.  These  places  are  in  the  Province 
of  Camarines  Norte  and  in  the  schist  area.  Jagor  states  that  there 
was  a  shaft  at  the  Iba  locality  said  to  be  84  feet  deep.  Two  copper 
localities  are  marked  on  Mr.  d'Almonte's  map  in  Camarines  Sur,  (>ast 
of  the  town  of  Caramuan,  or  Caramoan,  near  the  shore  of  the  channel 
which  separates  Catanduanes  from  Luzon.  Roth  refers  to  the  copper 
of  Caramuan  as  an  indication  that  the  mountjiins  at  this  point  are  com- 
posed of  crystiiUine  schist.  Jagoi"  saw  specimens  of  native  copper 
••oming  from  a  locality  north  of  Patag  Cove.^  This  corresponds  to  one 
of  the  mines  laid  down  on  Mr.  d'Almonte's  map. 

In  the  Island  of  Masbate,  at  Milagros,  near  Assit,  native  copper  was 

•Centcno,  Moinorin  K0<)16Kii'o-minera,  187G,  p.  45.    Soveral  of  thesf  mi.scellaneous  notes  are  from  the 
same  source. 
s  Jagor.  Reiseii,  1873,  pp.  145, 347. 
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discovered  in  1847.  Centeno  saw  fine  specimens.  This  mine  was 
worked  for  a  time,  but  the  ore  gave  out  or  was  lost.  Masbate  also 
contains  gold,  and  the  occurrence  of  these  metals  suggests  a  cr^^stalline 
schist  area  in  this  little-known  island.  On  the  Island  of  Capul,  between 
Samar  and  Luzon,  Centeno  also  notes  copper  pyrites. 

In  Panay  Mr.  Abella  met  with  no  deposit  of  copper,  but  saw  stains 
at  ]\Iount  Carauisan.  latitude  10''  50',  Province  of  Antique.  He  thinks 
this  corresponds  to  a  report  hy  the  provincial  governor  in  1842  of  the 
discovery  of  an  extensive  deposit  a  league  from  the  town  of  Sibalom. 
From  the  natives  of  the  region  he  could  ascertain  nothing  about  this 
ore.  At  Barbaza,  in  latitude  11^  12',  in  the  same  province,  Mr.  Abella 
met  a  native  who  owned  a  specimen  of  native  copper  the  source  of 
which  he  refused  to  disclose,  though  stating  that  it  was  not  very  far 
away.^ 

In  the  Island  of  ^larinduque,  at  Torrijos,  the  Guia  Olicial  states 
that  copper  occurs,  without  further  information.  At  Lubang,  on  the 
island  of  the  same  name  to  the  northwest  of  Mindoro,  Dana  found 
copper  pyrite.  probablv  only  as  an  accompaniment  of  the  gold. ' 

That  copper  pyrite  is  met  with  in  the  Surigao  Peninsula  of  northern 
INIindanao  among  the  gold  fields  is  known.  According  to  the  geog- 
raphy of  the  Jesuit  fathers,  there  is  a  workable  deposit  of  good 
quality  at  the  hamlet  of  Taganaan,  3  leagues  from  the  town  of  Surigao. 
A  merchant  resident  in  Palawan  informed  me  that  there  is  copper  in 
Balabac. 

ARGENTIFEROUS  LEAD. 

Galena  is  found  in  Camarines  Norte  in  the  area  of  the  crystalline 
schists  accompanying  other  sulphurets  and  gold.  Concessions  have 
been  granted  for  lead  mining  at  a  mountain  called  Tingii,  near  Pai'acale, 
and  at  a  hamlet  named  Imbong-imbong,  in  the  township  of  Mambulao, 
but  these  ores  were  worked  onlv  for  the  gold.  Centeno  reports  the 
Tinga  occurrence  as  very  rich,  but  the  veins  as  only  from  8  to  10  centi- 
meters in  width.'  Paracale  and  Mambulao  have  a  reputation  among 
mineralogists  as  a  source  of  lead  chromate  and  vauquelinite.  Jagor 
visited  two  localities,  but  found  the  specimens  practically  exhausted. 
One  is  near  Paracale,  in  a  gneiss  hill  ten  minutes'  walk  from  the  vil- 
lage of  Malaguit.  The  other  is  a  mile  and  a  half  north  ])y  east  from 
Mambulao,  in  the  plumbiferous  mountain  Dinianan,  which  is  com- 
posed of  hornblende-schist.  Roth  states  that  the  chromate  is  found 
in  quartz  veins  and  is  accompanied  by  vauquelinite,  like  the  occur- 
rence in  the  Ural  Mountains.*  Caramuan,  in  Camarines  Sur,  is  credited 
with  lead  ore  in  the  Guia  Oficial.  It  is  probably  associated  with  the 
copper  deposits  in  that  district. 

'Isla  de  Panay,  p.  197.  =U.  S.  Expl.  Exp.,  Vol.  X,  1849,  p.  539. 

3Memoriageol6gico-minera,  1876,  p.  53;  Guia  Oficial,  1898,  p.  127. 
« Jagor,  Reisen,  1873,  pp.  144-145,345. 
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In  the  , Island  of  Marinduque,  Province  of  Mindoro,  at  Torrijos, 
there  is  a  lead  deposit  regarded  by  Mr.  Espina  as  important.'  The 
assays  are  said  co  give,  for  average  ore,  56.55  per  cent  lead,  0.0096 
per  cent  silver,  and  0.0006  per  cent  gold.  No  further  information  is 
available. 

Cebu  contains  lead  ores  upon  which  Mr.  Abella  has  reported  thus:'^ 

The  most  important  metalliferous  deposits,  and  indeed  the  only  ones  which 
deserve  the  name,  yet  discovered  in  the  island  are  those  of  gold-  and  silver-bearing 
galena.  They  lie  toward  the  center  of  the  island,  at  Panoypoy,  township  of  Consola- 
ci6n,  and  at  Acsubing  and  Budlaan,  in  the  township  of  Talaml)an,  the  first  two  being 
those  which  gave  rise  t(j  the  claims  of  the  company  known  as  La  Cebuana.  The 
dep(jsits  all  consist  of  l)unches,  veins,  and  stringers  of  pyritoiis  galena,  which  form 
an  irregular  network  in  the  rock  complex  of  the  eastern  area  of  the  interior  of  the 
island.     They  lack  system  or  regular  direction,  and  form  therefore  a  true  Slockwerk. 

Centeno  found  the  ore  extremely  rich  in  silver  and  gold,  but  mining 
seems  to  have  been  abandoned. 

In  Mindanao  Mr.  Espina  saw  specimens  of  lead  ores,  but  was  ima- 
ble  to  ascertain  whence  thev  came. 


Something  like  a  belt  of  magnetite  deposits  exists  among  the  moun- 
tains h'ing  to  the  east  of  the  great  plain  of  Luzon.  The  northern 
portion  of  this  belt  is  12  or  15  miles  to  the  eastward  of  San  Miguel  de 
Mayumo,  on  the  headwaters  of  the  stream  which  passes  through  that 
place.  In  this  neigh1)orh()od  the  positions  of  four  mines  are  indicated 
on  Mr.  d'Almonte's  map.  A  few  miles  east  of  south  from  this  group  lies 
a  second,  about  10  miles  northeast  of  Angat.  Here  also  four  mines  are 
shown,  and  this  disti'ict  has  the  reputation  of  possessing  the  most  val- 
ual)le  iron  ores  in  the  archipelago.  At  a  similar  distance  to  the  north- 
east of  Bosoboso  another  iron  mine  has  been  worked.  Ten  miles  north 
of  east  from  Morong  there  is  still  another  iron  mine,  in  the  Province 
of  Laguna  dc  Bai.  All  of  these  deposits  are  in  the  foothills  of  the 
range  which  forms  the  western  boundary  of  the  Province  of  La 
Infanta  and  at  nearly  equal  distances  from  the  crest.  The  belt  is  44 
miles  in  length,  and  evidently  stands  in  genetic  relations  to  the  range. 
According  to  assays  made  in  the  laboratories  of  the  Inspeccion  General 
de  Minas,  the  Angat  ores  carry  from  60  to  70  per  cent  of  ii"on.  The 
impurities  do  not  seem  to  have  been  determined.  I  rind  in  so  serious 
a  paper  as  Centeno's  Memoria  t\w  statement  that  these  ores  contain 
75  to  80  per  cent  of  iron  ;  but  magnetite,  though  the  richest  of  iron 
ores,  can  not  contain  more  than  72  per  cent  of  iron,  as  should  be  well 
known.  Of  the  nature  of  the  deposits  I  have  been  able  to-  obtain  no 
desca'iptions,  except  that  the  ore  is  abundant. 

In  Camarines  Norte  there  is  a  mine  of  magnetic  iron  some  6  miles 

1  Espitiii,  Bo»(UK-jo,  18<J8,  p.  165.  "Isla  de  Ccbii,  1886,  p.  146. 
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south  of  Paraeale  on  the  Malaguit  River.     The  Guia  Oficial  also  men- 
tions a  deposit  in  the  township  of  Mambulao  at  (3alambayungan. 

The  Filipinos  work  the  ores  of  Angat  and  of  San  Miguel  de  May- 
umo.  Unfortunately  I  did  not  succeed  in  seeing  the  process  or  in 
getting  an}'  satisfactoiy  description  of  it.  There  is  no  doubt,  how- 
ever, that  it  is  a  bloomery  process.  The  steel  produced  is  chiefly 
made  into  plowshares,  which  are  so  good  that  they  bring  a  much 
higher  price  than  those  of  European  manufacture.  The  process  is 
pro>)ably  nearly  identical  w^ith  that  still  in  use  in  Borneo ;  but.  if  not, 
it  Avould  be  most  interesting  to  know  what  are  the  differences.  I 
therefore  make  no  apology  for  introducing  here  Mr.  Posewitz's 
description,  in  which  he  follows  C.  H.  L.  M.  Schwaner,  who  wit- 
nessed it :  * 

The  cylindrical  blant  furnace  has  a  height  of  3  feet  4  inches  and  a  circumference 
of  10  feet.  The  shaft  has  the  form  of  a  j)arallel()piped  (8  by  6  inches)  and  becomes 
wider  toward  the  top,  hjiving  a  pyramidal  form.  The  smelting  hearth  is  25  inches 
long,  19  inches  wide,  and  9  inches  high. 

The  material  of  which  the  furnace  is  constructed  is  a  yellow  clay,  which  is  obtained 
from  the  banks  of  the  rivers. 

This  material,  having  been  kneaded  and  purified,  is  pressed  in  a  cylindrical  bark^ 
mold  having  the  dimensions  of  the  furnace.  It  is  allowed  to  dry  for  a  month  or 
more.  The  mold  is  then  removed  and  the  furnace  bound  round  with  Spanish  cane 
(rattan),  in  order  to  give  it  greater  strength  and  to  provide  against  bursting.  The 
dry-air  process  is  completed  by  a  small  fire. 

The  smelting  only  lasts  one  day.  The  floor  of  the  hearth  is  first  covered  -with 
powdered  charcoal  to  a  depth  of  2  inches,  in  the  middle  of  which  a  hole  is  made, 
which  serves  to  collect  the  iron;  The  tapping  hole  is  closed  by  clay.  A  semicircular 
hole  is  left  to  let  out  the  slag.  The  blast  apparatus  consista  of  a  hollow  tree  stem,  5 
feet  5  inches  long  and  .3  inches  in  circumference  [diameter?],  open  at  the  top  and 
closed  at  the  bottom.  Directly  above  the  floor  there  are  3  openings  on  the  same 
level  and  close  to  one  another.  These  openings  are  intended  for  the  insertion  of  3 
bamboo  tubes,  29  inches  in  length,  through  which  the  blast  has  access  to  the  tuyers 
and  to  th"  furnace.  The  tuyers  are  made  of  baked  clay.  They  are  11  inches  in 
length,  and  narrow  considerably  in  the  part  ojiening  into  the  furnace.  In  the  bellows 
there  is  a  valve,  which  is  made  air-tight  by  feather  down.     It  is  worked  by  hand. 

Burning  charcoal  is  thrown  from  above  into  the  furnace,  and  a  gentle  blast 
produced  sufficient  to  cause  the  charcoal  layer  to  glow.  The  furnace  is  then  filled 
to  two-thirds  of  its  height  with  wood  charcoal.  The  ores  are  first  submitted  to  a 
roasting  action  by  piling  them  up  in  layers  between  wood,  igniting  the  pile,  and 
allowing  it  to  burn  one  day.  The  ore  is  then  broken  into  pieces  of  the  size  of  a 
nut,  mixed  with  charcoal  in  the  proportion  of  1  to  10,  and  thrown  into  the  furnace. 
Usually  two  hours  and  a  half  suffice  to  sink  the  ore,  after  which  more  ore  and  coal 
are  added. 

The  slag  is  run  off  at  intervals  of  twenty  minutes,  the  tuyers  being  removed  and 
the  blast  stopped  for  five  minutes  while  the  slag  is  running  off.  A  drawback  to  this 
method  is  that  a  large  part  of  the  iron  goes  into  the  slag. 

As  soon  as  all  the  fuel  is  burned  the  tuyers  are  taken  out  and  the  stopping  of  the 
hole  in  the  hearth  removed.     The  iron,  which  is  in  the  form  of  a  viscid,  molten 

'  Posewitz,  Borneo,  1892,  p.  433.  In  A.  Marche,  Lupon  et  Palaouan,  Paris,  1887,  p.  S.\  I  find  brief 
notes  on  the  process  at  Angat,  which  seem  to  indicate  that  the  process  there  employed  is  substantially 
the  same  as  In  Borneo. 

^The  English  translation  has  cork,  by  error,  for  bark. 
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mass,  i»  then  drawn  out  of  the  furnace  by  means  of  wooden  tongs,  placed  on  a  finely 
broken  slag,  and  beaten  with  wooden  hammers  until  it  becomes  smof)th. 

Such  a  mass,  weighing  45  pounds,  represents  a  day's  work  for  four  men,  and  costs 
2  florins.  It  contains  much  slag,  however,  and,  having  been  divided  into  ten  parts 
has  to  be  several  times  remelted  and  beaten  with  hammers  until  it  is  pure  enough 
for  smithy  work. 

While  iron  smelting  has  almost  entirely  ceased,  this  is  not  the  case  with  the  smithy 
work.  AVeapon  smiths  still  exist  who  manufacture  excellent  blades.  Especially 
worthy  of  mention  are  the  works  of  the  great  industrial  place,  Negara,  in  south 
Borneo,  of  which  the  "Negara  blades"  have  a  widespread  reputation. 

The  natives  prefer  their  own  iron  to  the  European,  as  experience  teaches  that 
the  keenness  and  durability  of  the.se  weapons  are  superior  to  those  of  European 
manufacture. 

MISCELLANEOUS. 

Petroleum  has  been  discovered  within  a  few  years  in  the  island.s  of 
Panay,  Cebii,  and  Leyte,  but  is  not  as  yet  known  elsewhere.  In 
Panay  it  is  found  at  Janiuay  in  the  Province  of  lloilo  and  is  accom- 
panied by  natural  gas,  I  have  not  heard  that  it  is  exploited.  In  Cebii 
oil  is  found  on  the  west  coast,  at  Asturias,  Toledo,  and  Alegria.  The 
well  at  Toledo  (10°  17')  has  been  exjDloited  to  some  extent,'  and  there 
is  a  concession  for  oil  and  one  for  coal  at  the  same  locality  in  this 
township.  An  oil  concession  has  also  been  granted  at  Alegria.  In 
Loyte  oil  occurs  in  the  township  of  San  Isidro,  and  has  been  taken  up. 
This  is  probably  the  locality  marked  as  a  petroleum  mine  on  Mr. 
d' Almonte's  map  on  the  west  coast,  in  latitude  11°  15',  though  this  is 
closer  to  Villaba  than  to  San  Isidro  del  Campo.  Mr.  Espina  states 
that  petroleum  from  near  Villaba  is  highly  charged  with  paraffin. 

Sulphur  has  been  extracted  under  concession  only  at  Biliran,  l)ut 
the  volcanoes  and  solfataras  of  the  islands  offer  endless  opportunities 
for  "clandestine  exploitation"  all  the  way  from  Mount  Apo,  in  Min- 
danao, to  the  volcano  of  Cagua,^  near  the  northern  extremity  of  Luzon. 
Jagor''  gives  a  pleasant  account  of  sulphur  extraction  a  little  south  of 
Burauen,  in  Leyte. 

There  have  been  various  reports  of  the  discovery  of  quicksilver  in 
the  Philippines;  e.  g.,  in  Panay,  Mindanao,  and  in. the  Province  of 
Albay.     All  seem  to  be  founded  on  accidental  losses  of  exotic  metal. 

Excellent  marble  is  found  on  the  Island  of  Romblon,  to  the  north  of 
Panay.  It  is  used  in  Manila  for  fonts  and  the  like.  In  Cel)u  also 
there  is  a  concession  for  marble  at  Tuburan  (10°  43').  Marbles  for 
])uilding  are  quarried  at  Montaltmn  and  at  Biiiangonan  (the  nummulite 
locality)  in  Manila  Province. 

Kaolin  is  found  at  Los  Bafios.  Laguna  Province,  and  tictil(>  clavs  at 
numberless  points. 

Stibnitc  from  liatiutn  Province  was  seen  by  Centeno,'  but  there  is 
no  evidence  that  any  valuable  deposit  occurs.  So,  too,  zinc  blende  is 
known  to  exist,  but  onl}'  as  a  valueless  sulphuret  in  gold-quartz  veins. 

■GulaOflcinl,  1898,  p.  128.       'Ibid.,  p.  127.       s  Reison,  1873,  p.  221.       <Mem.  (reol-mln.,  1876,  p.  M. 
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Ill  the  followinof  list  titles  liavo  l)oon  givon  soinowhat  fully,  to  facili- 
tate reference,  particularly  at  a  distance  from  great  libraries.  In  the 
preparation  of  this  report  all  of  the  papers  here  listed,  except  one, 
have  been  consulted  at  first  hand  or  in  complete  reprints,  and  I  know 
of  no  other  works  of  any  value  on  the  subject  except  two  or  three 
mine  reports.  In  the  text  a  luunber  of  works  are  referred  to  which 
deal  with  Malaysian  geolocry,  but  not  with  that  of  the  Philippines. 
Of  these  only  Hochstetter,  Posewitz,  and  Martin  are  catalogued  here. 
The  volume  of  Posewitz  on  Borneo  makes  an  excellent  introduction 
to  ^lalaysian  geology. 

It  should  be  noted  that  when  a  Spanish  writer  uses  a  double  sur- 
name the  latter  is  his  mother's  maiden  name.  The  matronymic  is  not 
always  employed;  for  instance,  Centeno  sometimes  adds  "y  Garcia"" 
to  his  patronymic,  but  more  often  omits  it.  If  in  citations  onl}'  one 
name  is  used,  it  must  be  the  first  and  not  the  second. 

1574.  RiyuKL,  Hernando.  Very  true  and  certain  account  of  that 
which  has  newh-  been  known  of  the  new  islands  of  the  West, 
and  of  the  discovery  which  the}'  mention  of  China,  which 
was  written  b_v  H.  R.  secretary  of  the  governor  of  them. 
Seville,  Barrera,  1574.     Broad  sheet. 

In  English  trans,  of  Morga,  Sucesos,  app.  4,  p.  389. 

1609.  MoROA,  Antonio  de.  Sucesos  de  las  islas  Filipinas,  Mexico,  en 
casa  de  Geronj^mo  Bahi,  Ano  1609.  Por  Cornelio  Adriano 
Cesar.     4°,  10  p.  1.  and  172  leaves. 

This  rare  book  may  be  seen  in  the  library  of  Harvard  College. 

1698.  Gaspar  de  San  Avgvstin.  Conquistas  de  las  islas  Philipinas 
[sic];  la  temporal  por  las  armas  del  Senor  Don  Phelipe[sic] 
segundo  el  prudente  }'  la  espiritval,  por  los  religiosos  del 
orden  de  nuestro  padre  San  Augustin;  fvndacion,  y  progres- 
sos  de  sv  provincia  del  santissimo  nombre  de  Jesus.  Parte 
primera.  Madrid,  Mvrga,  1698.  FoL,  544  pages;  index 
and  preliminary  matter  not  paged. 

1792.  Juan  de  la  Concepci6n.     Historia  general  de  Philipinas  [sic]. 
Sampaloc,  Moriano,  1792.     Sm.  4",  14  v. 
Great  eruption  of  Taal  in  1754  described,  v.  13,  pp.  345-350. 

1803.  Martinez  de  Zuniga,  Joaquin.  Historia  de  las  islas  Philipi- 
nas.    Sampaloc,  Argiielles,  1803.     8°,  iv,  687  pp. 
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ISU.  Maktinkz  i)E  Zuniga,  Joaquin.  Historical  view  of  the  Philip- 
pine Lslands;  trans,  from  Spanish  original  of  1803  by 
John  Maver.     London,  1814.     8°,  2  vols. 

1817.  HoKSBURGii,  James.     The  India  directory,  or  directions  for  sail- 
ing to  and  from  tlie  East  Indies.     2d  ed.     London,  1817. 
rhilippines,  p.  328,  where  the  volcanoes  of  the  Babuyanes  are  mentioned. 

1825.  BucH,  Leopold  von.  Ph\^sicalische  Beschreibung  der  Cana- 
rischen  Inseln.     Berlin,  Academie,  1825.     4°. 

PhiHppine  volcanoes,  pp.  375-378. 

There  is  a  French  translation,  Paris,  Levrault,  1836,  8°,  in  which  the  pas- 
sage relating  to  the  Philippine  Islands  begins  p.  437. 

182!».  Chamisso,  a.  von.     Bemerkungen  und  Ansichten  auf  der  Ent- 
deckungsreise  von  O.  v.  Kotzebue.     1829. 
Philippines,  v.  3,  p.  92. 

182!>.  HoFMANN,  Ernst.     Geognostische   Beobachtungen   aufgestellt 

auf  einer  Reise  um  die  Welt  in  den  Jahren  1823  bis  1826 

unter  dem  Befehl  .   .   .  von  Kotzebue. 
In  Archiv  fiir  Mineralogie,  Geognosie,  Bergbau,  und  Hiitten- 

kunde,  von  C.  J.  B.  Karsten,  Berlin,  1829,  8",  v.  1,  pp. 

243-315. 
Philippines,  pp.  312-315,  in  which  Taal  and  other  volcanic  masses  are 

described. 

1832.  Bekomaus,  Heinricii.  Geo-hydrographi.sehes  Memoir  ziir  Er- 
kliirung  und  Erlauterung  der  rcducirten  Karte  von  don 
Philippinen  und  den  Sulu-Iuseln  (No.  13  von  Bcrghaus' 
Atlas  von  Asia).     Gotha,  Perthes,  1832.     4",  114  pp. 

1835.  Meyen,  F.  J.  r.    Reise  um  die  Erde  .  .  .  auf  dem  .  .  .  Schiffe 
Prliizess  Louise  in  den  Jahren  1830-1832.     Berlin,  Sander, 
1835.     4". 
Philippines,  2d  part,  p.  237. 

1S41.  Sainz  I)E  Baranda.  Constitucion  geognostica  de  las  islas  Fili- 
pinas. 

/;/.  Anales  de  Minas,  Madrid,  1841,  8°,  v.  2,  pp.  197-212. 

Volumes  1  to  4  of  this  journal  are  in  the  library  of  the  Museum  of  Com- 
parative Zoology,  Cambridge,  Mass.,  and  no  more  were  published. 
They  contain  no  other  papers  by  this  author. 

1843.  Delamar(;iie.     On  Taal  Volcano  in  1842. 

In  Coniptes  Rendus  .   .   .   Academie  des  Sciences,  Paris,  1843, 

4",  V.  16,  p.  75(;. 
Substantially  the  same  account  by  Delamarche  is  printed  in  Bulletin  de  la 
Societ<^»  de  g^fographie  de  Paris,  v.  19,  1843,  j).  79. 

1S44.  Chevalier,  ¥j.     Voj'age  autour  du  Monde,  execute  pendant  Jes 
annees  183(!  et  1837  sur  la  corvette  "Z<^/  Bonifi.'^     Geolo- 
gic ot  Mineralogie.     Paris,  1844.     8". 
Chapter  IX,  pp.  231-256,  deals  with  the  geology  of  Mariveles,  ]\hmihi,  and 
Laguna  de  Bai. 
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1845.  Itier,  Jules.    Fragment  d'un  journal  de  voyage  aux  lies  Philip- 

pines. 
In  Bulletin  Societe  de  geographic,  Paris,  184.5,  8°,  s.  3,  v.  5, 
pp.  365-389. 

1846.  .     Extrait  d'une  description  de  I'archipel  des  iles  Solo. 

In  Bulletin  de  la  Societe  de  geographic,  Paris,  Bertrand,  1846, 

8°,  s.  3,  V.  5,  pp.  311-319. 

1849.  Dana,  J.  D.    U.  S.  Exploring  Expedition  during  the  years  1838- 

1842,  under  the  command  of  Charles  Wilkes,  U.  S.  N.     4". 
V.  10,  Geology.     Philadelphia,  Sherman,  1849. 
Philippines,  pp.  539-548. 

1850.  BuzETA,  Manuel,  and  Bravo,  Felipe.    Diccionario  geografico, 

estadistico,  historico  de  las  islas  Filipinas.  Madrid,  Pcfia, 
1850.     8°,  2  V.     (Half-title  gives  date  of  1851). 

1851.  Hernandez,  Antonio.     Report  on  copper   in   the  district  of 

Lepanto  [Spanish]. 
In  Revista  minera,  Madrid,  v.  2,  1851,  8°,  pp.  112-118. 
This  is  much  less  detailed  than  Santos's  paper  of  1862  on  the  same  subject. 
1855.  HuERTA,  F.  DE.     Estado  geografico,  topografico,  estadistico  de 

...  las  islas  Filipinas.     Manila,  1855. 
Geological  notes  passim. 
1855.  La  GiRONif:RE,  P.   de.     Aventures  d'un   gentilhomme  breton 

aux  lies  Philippines,  avec  un  aper^ru  sur  la  geologic,  etc. 

Paris,  Lacroix-Comon,  1855.     8°. 
Contains  only  loosely  stated  reports  of  no  value.     His  communications  to 

Perry  are  no  better. 

1858.  Humboldt,  A.  von.     Kosmos.    Stuttgart,  Cotta,  1858.     8°,  4  v. 

Philippines,  v.  4,  pp.  404— i09. 

1859.  Hochstetter,  F.  von.     Schreiben  an  A.  von  Humboldt. 

In  K.-k.   Akademie  der  Wissenschaften,   Sitzungsberichte. 

Wien,  1859,  8°,  v.  36,  pp.  121-141. 
This  is  a  report  on  the  volcanoes  visited  during  his  cruise  in  the  Novara. 

Luzon,  pp.  130-138. 

1860.  Perry,  Alexis.     Documents  sur  les  tremblemcnts  dc  terre  et 

les  phenomenes  volcaniques  dans  I'archipel  des  Philippines. 
4th  part.  Extrait  des  Annales  de  la  Societe  d'emulation 
des  Vosges,  v.  10,  3d  part,  1860,  8°,  110  pp.,  1  map. 

1861.  Se3Iper,  Carl.      Reisc  durch  die  nordostlichen  Provinceu  der 

Inscl  Luzon. 
In  Zeitschrift  fiir  allgemeine  Erdkunde,  neue  Folge,  vol.  10, 

Berlin,  Reimer,  1861,  8°,  pp.  249-266. 
On  this  journey  Semper  collected  important  Miocene  fossils  near  Minanga. 
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Manila,  Press  of  the  College  of  Santo  Tomas,  1862.  8°, 
72  pp. 

1862.  Semper.  Carl.     Reise  durch  die  nordlichen  Provinzen  der  Insel 
Luzon. 
In  Zeitschrift  fiir  allgemeine  Erdkunde,  neue  Folge,  v.  13, 

Berlin,  Reimer,  1862,  8",  pp.  80-96. 
This  paper  deals  with  northwestern  Luzon  and  the  raised  atoll  of  Benguet. 

1866.  HocHSTETTER,   F.    VON.     Reise  der  osterreichischen  Fregatte 
Novara  um  die  Erde,  geologischer  Theil.    Wien,  Govern- 
ment, 1866.     4°,  V.  2. 
This  volume  contains  nothing  about  the  Philippine  Islands,  l)ut  gives 
.     author's  divisions  of  the  Tertiary,  p.  149. 

1868.  Morga,  Antonio  de.     The  Philippine  Islands  .  .  .    Translated 

from  the   Spanish  .  .  .  by  H.   E.  J.   Stanley.     London, 
Hakluyt  Society,  1868.     8°,  xxx,  413  pp. 
This  is  a  translation  of  Sucesos  de  las  Islaa  Filipinas.     It  contains  some 
appendices  of  value. 

1869.  Semper,  Carl,     Die  Philippinen  und  ihre  Bewohner;  sechs  Skiz- 

zen.      Wurzburg,   Stuber'sche   Buchhandlung,   1869.      8°, 
143  pp.,  1  map. 
Those  interesting  lectures  deal  with  volcanoes  and  coral  reefs,  besides  other 
matters.     In  the  appended  notes  is  included  the  author's  paper  on  the 
coral  reefs  of  the  Pelew  Islands,  from  Zeitsch.  f.  wiss.  Zool.,  v.  13,  pp. 


1869.  Zerrenek,  Carl.  Nachricht  iibcr  cine  Anzahl  aus  verschie- 
denon  Gegenden  der  Erde  bei  mir  eingegangener  interessan- 
ter  Mineralien. 

In  Berg-  und  Hiittenmiinnische  Zeitung,  Leipzig,  Felix, 
1869,  4^  pp.  10.5-106. 

In  this  paper  copper  ores  from  Mancayan  are  described. 

1S73.  Jaoor.  F.  Rei.sen  in  den  Philippinen.  Berlin,  Wicdmann.'^che 
Buchhandlung,  1873.  S".  xvi,  381  pp.,  1  map. 
Thi.s  very  important  work  contains  among  the  apjiendicc'^  the  papers  of 
Roth  and  Virchow  (uitalogued  .separately.  An  Engli.xh  translation  oxi.sts, 
but  i.s  .said  to  l)e  bad  and  to  omit  the  appendices.  There  is  also  a  Span- 
ish translation,  which  1  have  not  seen. 
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1873.  Roth,  Justus.  Ueber  die  geologische  Beschaffenheit  der  Philip- 
pinen. 

In  Jagor,  F.,  Reisen,  1873,  pp.  333-354. 

This  paper  includes  most  of  the  essential  facts  known  at  the  time  it  was 
written,  and  contains  Roth's  discussion  of  Jagor's  lithological  collection, 
with  some  paleontological  notes  hy  E.  von  Martens. 

1873.  ViRCHOw,  Rudolf.     Ueber  alte   and    neue    Schadel  von  den 

Philippinen. 

//i,  Jagor,  F.,  Reisen,  1873,  pp.  355-377. 

This  paper  discusses  particularly  the  Negritos.  Virchow  has  since  pub- 
lished other  papers  on  the  Philippine  races,  which,  however,  are 
scarcely  geological.  See  Zeitschrift  fiir  Ethnologic,  v.  15,  1883,  p.  465; 
Sitzungsberichte  der  K.  preussischen  Akad.  der  Wiss.,  Berlin,  1897,  p. 
279;  ibid.,  1899,  p.  14,  etc. 

1874.  Darwin,  Charles.     Structure  and  distribution  of  coral  reef.s. 

3d  ed.,  New  York,  Appleton,  1889.     8"^. 
Philippines,  p.  180,  where  Cuming's  observations  are  recorded,  and  map. 

1874.  MiNARD, .     Sur  les  gisements  d'or  de  Philippines. 

In,  Bulletin  Societe  geologique  de  France,  Paris,  the  Soc, 
1874,  s.  3,  V.  2,  pp.  403-406. 
1876.  Mendez  de  Vigo.     Historia  geografica,  geologica  y  estadistica, 
de  Filipinas.     Manila,  1876.     8",  2  v.,  maps. 
Geological  notes  passim. 
1876.  Centeno  y  GarcIa,  Josli.     Ministerio  de  Ultramar.     Memoria 
geologico-minera   de   las   islas   Filipinas.     Madrid,   Tello, 
1876,  8°,  viii,  64  pp.,  1  map. 
This  appeared  separately  and  also  in  Boletfn  de  la  Comision  del  Mapa 
Geologico  de  Espana,  v.  3, 1876. 
1876.  Drasche,  Richard  von.     Ausfliige  in  die  Vulcangebiete  der 
Umgegend  von  Manila. 
ikVerhandlungenderK.-k.  geologischen  Reichsanstalt,  1876, 
8°,  pp.  89-93. 

1876.  .     Mittheilungen  aus  den  Philippinen. 

TkVerhandlungen  der  K.-k.  geologischen  Reichsanstalt,  1876, 
8°,  pp.  193-198. 

1876.   .     Au8  dem  Siiden  von  Luzon. 

In,  Verhandlungen  der  K.-k.  geologischen  Reichsanstalt,  1876, 
8°,  pp.  251-255. 

1876.  .     Einige  Worte  iiber   den  geologischen  Bau  von   Siid- 

Luzon. 
In  Mineralogische    Mittheilungen    gesammelt   von    Gustav 
Tschermak,  Wien,  Holder,  1876,  8",  v.  for  1876,  pp.  157-166. 
This  volume  of  Mineralogische  Mittheilungen  appeared  also  as  supple- 
ment to  K.-k.  geologische  Reichsan.stalt,  Jahrbuch,  v.  26, 1876. 
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ISTO.  \Vallack,  a.  K.     Geographical  distributioji  of  animals.     Now 
York,  Appleton,  1876.     8°,  2  v. 
Philippines,  v.  1,  pp.  345  and  859. 

1877.  Frenzkl,    August.     Mineraloj^isches    aus    dein    ostindischen 

Arch!  pel. 

la  Mineralogische  Mittheilungen  ge.saminclt  von  Gustav 
Tschermak,Wien,  Holder,  1877,8",  v.  for  1877,  pp.  2iJ7-308. 

Philippines,  302-304. 

This  volume  of  Mineralogische  Mittheilnn^ren  appeared  also  as  supple- 
ment to  K.-k.  geologische  Reichsanstalt,  Jahrhuch,  v.  27, 1877. 

1878.  Drasche,    R.    vox.     Fragniente   zu   einer   Geologie  der  Insel 

Luzon  (Philippinen),  mit  einem  Anhange  iiber  die  Fora- 

ininiferen  der  tertiiiren  Thone  von  Luzon,  von  Felix  Karrer. 

Vienna,  Gerold's  Sohn,  1878.     i",  5  pi.  (incl.  2  maps). 
This  book  appears  to  include  all  the  material  of  Von  Drasche's  earlier 

papers. 
1878.  Meyer,  A.  B.     Earthquakes    in  the  Philippines  in  1876. 

In  Nature,  London  and  New  York,  Macmillan,  1878,  i",  v.  18, 

p.  265. 
Data   from   "Ateneo  municipal."     Mount  Tabacon  should  probably  be 

Mayon,  but  that  mountain  seems  to  have  had  no  eruption  in  1876. 

I87i>.  Abella  y  Casariego,  Enrique.  Memoria  acerca  de  los  cria- 
deros  auriferos  del  segundo  distrito  del  departainento  de 
Mindanao,  Misamis.  Seguido  de  varios  itineraries  geolo- 
git'os  referentes  ji  la  misma  comarca.  (Del  Boletin  de  la 
Comision  del  mapa  gcologico.)  Madrid,  Tello,  1879.  8", 
41)  pp.,  5  pi. 
This  is  much  the  best  authority  on  the  gold  field  of  ^li.^amis,  an<l  contains 
suggestive  remarks  on  the  general  geology  of  the  region. 

1871K   Arana,  C.  dr.     Derrotero  del  archipielago  Filipino.     Madrid, 
Government,  1879. 
This  is  theoliicial  Spanish  "sailing  directions"  for  the  Philippines;  useful 
especially  with  reference  to  coral   reefs.     It  contains  erroneous  deter- 
mination of  Mount  Malaspina  (Canlaon),  viz,  1,390  meters. 

187'.>.   Drasciie,    Richard   von.     Ueber   paliiozoische   Schichten  auf 

Kanitschatka  und  I..uz6n. 
In  Neues  Jahrbueh  fiir  Mineralogie,  etc.,  1879,  pp.  265-269. 
The  purpose  of  this  paper  is  to  suggest,  on  lithological  grounds,  that  his 

Agno  beds  are  Paleozoic. 
1881,  .  Datos  para  un  estudio  geologico  do  la  Isla  de  Luzon 

(Filipinas). 
In  Boletin  de  la  Comision  del    Mapa  geologico  do  Espafia. 

v.  8,  1881.  pp.  269-342. 
This  is  a  translation  of  the  Fragments.  isTs,  ^nd  is  in  |>art  very  untrust- 

worthv. 
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1881.  Oebbeke,  K.     Beitragc  zur  Petrographie  der  Philippinen  and 
del"  Palau-Inseln. 

Ill  Neucs  Jahrbuch  fiir  Mineralogie,  etc.,  Beilage-Band  I, 
Stuttgart,  Koch,  1881,  8",  pp.  451-501. 

This  is  an  extremely  important  contribution  to  the  lithology  of  the  Phil- 
ippine Islands.  The  material  was  Semper' s  collection  and  the  work 
was  done  in  Rosenbusch's  laboratory. 
1883.  Cexteno,  Jos^.  Memoria  sobrc  los  temblores  de  tierra  ocurri- 
dos  en  Julio  de  1880  en  la  isla  de  Luzon.  Madrid,  Tello, 
1883.     8°,  91  pp. 

This  pa]ier  appeared  both  separately  and  in  Boletfn  de  la  Comisi6n  del 
I\Iapa  geologico  de  Espana,  v.  10, 1883.  It  is  entirely  devoted  to  earth- 
quakes and  their  causation. 

1883.  Meyer,  Hans.     Height  of  Data,  2,245  m. 

In  Petermann's  Mittheilungen  aus  Justus  Perthes'  geogra- 
phischer  Anstalt,  Gotha,  Perthes,  1883,  4°,  v.  29,  p.  194, 
Quoting  Globus,  1883,  no.  11  et  seq.,  to  which  I  have  not  access. 

1884.  Abella  y  Casariego,  Enrique.     Terremotos  de  Nueva  Viz- 

caya  (Filipinas)  en  1881,  informe  acerca  de  ellos,  seguida 

de  unos  apuntos  fisicos  y  geologicos  tornados  en  el  viaje 

de  Manila  ii  dicha  provincia.     Madrid,  Tello,  1884.     8°,  131 

pp.,  1  pi.  (map). 
The  apuntos,  etc.,  form  in  fact  a  separate  paper,  quoted  as  such  in  this 

report.     They  appeared  separately  and  also  in  Boletin  de  la  Comisiun 

del  Mapa  geologico  de  Espana,  v.  10,  1883. 
1885. .     El   Mayon,  6  volcan   de  Albay  (Filipinas).     Madrid, 

Tello,  1885."    8",  23  pp.,  2  pi. 
This  appeared  separately  and  also  in   Boletin  de  la  Comisiun  del  Mapa 

geologico  de  Espana  v.  11,  1884. 

1885.  .     Emanaciones  volcanicas  subordinadas  al  Malinao  (Fili- 
pinas).    Madrid,  Tello,  1885.     8%  14  pp.,  3  pi. 

This  appeared  separately  and  also  in  Boletin  de  la  Comision  del  Mapa 
geologico  de  Espaiia,  v.  11,  1884. 
1885.  — .     El  monte  Maquilin  (Filipinas)  y  sus  actuales  emana- 
ciones volcanicas.     Madrid,  Tello,  1885.     8°,  28  pp.,  2  pi. 

This  appeared  separately  and  also  in  Boletin  de  la  Comision  del  Mapa 
geologico  de  Espana,  v.  11,  1884. 

1885.  .     La  isla  de  Biliran  (Filipinas)  y  sus  azufrales.     Madrid, 

Tello,  1885.     8°,  15  pp.,  1  pi.  (map). 
This  appeared  separately  and  also  in  Boletin  de  la  Comisiun  del  Mapa 
geologico  de  Espafia,  v.  11, 1884. 
1885.  Centeno,  Jose.     Estudio  geologico  del  volcan  Taal.     Madrid, 
Tello,  1885.     8°,  53  pp.,  4  pi. 
This  is  much  the   most  complete  paper  on  the  subject.     It  appeared 
separately  and  also  in  Boletin  de  la  Comision  del  Mapa  geologico  de 
Espana,  v.  12,  1885. 
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1885.  Centeno,  Jos£.     Noticia  acerca  de  los  manantiales  termo-mine- 
rales  do  Bambang  y  de  las  salinas  de  monte  Blanco.     Ma- 
drid. Tello.     1885,  8°,  14  pp. 
This  ai)i)ean'd  Ixjth  separately  and  in  Boleti'n  de  la  Comisiun  del  Mapa 
geologico  de  Espaiia,  v.  12,  1885. 
1885.  JoRDANA  y  MoRERA,  Ram6n.     Bo.squejo  geografico  e  historico- 
natural  del  archipielago  Filipino.     Madrid,  1885.     Fol. 
Geology,  pp.  115-159. 
1885.  Montano.  Joseph.     Rapport  a  M.  le  mini.stre  de  rin.struction 
publique  sur  une  mission  aux  lies  Philippines  et  en  Malai- 
sie  (1879-18S1).    [Paris,  Hachette,  1885. J     34  pi.,  2  maps. 
This  work  \a  chiefly  ethnological. 
1885.  Renard,  a.  F.     Le  volcan  Camiguin,  aux  lies  Philippines. 

I?i  Bulletin  de  I'Academie  royale  des  sciences,  des  lettres  et 
des  beaux-arts  de  Belgique,  Bruxelles,  Hayez,  1885,  8",  s.  3, 
V.  10,  pp.  733-751. 

1885.  Webster,  H.  A.     Philippine  Islands. 

//>  Enc^'clopcdia  Britjinnica,  9th  ed.,  Edinburgh,  Black,  1885, 

4°,  V.  18,  pp.  748-753. 
Philippine  geology,  pp.  748-750. 

1880.   Pl.ant,  Frank  S.     Notes  on  the  Philippines,  with  two  maps. 

//I  .lournal  of  Manchester  Geographical  Society,  Manchester, 
the  Soc,  1886,  8",  v.  2,  pp.  19-49. 
18SH.  Abella  y  Casariego,  Enrique.  Rapida  descripcion  fisica,  geo- 
logica  y  minera  de  la  Isla  de  Cebu  (ai'chipi^lago  Filipino). 
Madrid,  Tello,  1886.  8°,  187  pp.,  6  pi.,  incl.  map  geologi- 
cally colored  and  geological  sections. 
Thi.s  apjMiared  separately  and  also  in  Boletin  de  la  Comision  del  ISIapa 
geologico  de  Espaiia,  v.  13, 1886. 

1886.  Montero  y  Vidal,  Josifi.     El  archipielago  Filipino  y  las  islas 

Marianas,  Carolinas  y  Palaos,  su  historia,  geografia  y  esta- 
distica.     Madrid,  Tello,  1886.     8°,  xv,  511  pp.,  2  maps. 

1886.  Renard,  a.  F.      Notice  sur  quelques  roches  des  iles  Cebu  et 

Malanipa  (Philippine.s). 
f/i  Bulletin  de  rAcadeinie  ro3'ale  des  sciences,  des  lettres  et 

des  beaux-arts  de  Belgique,  Bruxelles,   Hayez,  1886,  8°, 

s.  3,  V.  11,  pp.  95-105. 
IS8<).  Tenison-Woods,  J.    E.      The  geology   of    Malasia,    southern 

China,  etc. 
In  Nature.  London  and  N(>w  York,  Macinillan,  188»).  4",  v.  33, 

pp.  231-232. 

1887.  Marche.  Alfred.     Lu^ou  et  Palaouan,  six  annees  de  vo^'age 

aux  Philippines.     Paris,  Hachette,  1887.     8%  398  pp.,  2 
maps. 
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1888.  SuESS,  E.      Das  Antlitz  der  Erde.     Vienna,   Tonipsky,   1888. 

8°,  2  V. 
Philippines,  v.  2,  pp.  213-217.    Treats  especially  of  alignment  of  vok-uioes 
and  contains  good  notes  on  the  literature. 

1889.  GuiLLEMARD,  F.  H.  H.     The  cruise  of  the  Marcliesa  to  Kam- 

.schatka  and  New  Guinea,  with  notices  of  Formosa,  Liu-Kiu, 
and  various  ishinds  of  the  Malay  archipelago.     2d  ed.,  Lon- 
don, Murray,  1889.     8",  455  pp.  and  maps. 
Notes  on  Cagaydn  de  Jolo,  p.  175. 

1889.  PosEwiTZ,  Theodor.     Borneo;  Entdeckungsreisen  und  Unter- 
suchungen.    Gegenwartiger  Stand  der  geologischen  Kennt- 
•   nisse.      Verbreitung  der  nutzbaren    Mineralien.      Berlin, 
Friedlander,  1889.     8°. 
1889.  Reclus,  l^LisifiE.     Nouvelle  geographie  universelle,  la  terre  et 
les  hommes.     Paris,  Hachette,  1889.     8",  v.  14. 
Philippines,  pp.  51.5-580. 

1889.  Renard,  a.  F.     Report   on   the  rock  specimens  collected   on 

oceanic  islands  during  the  voyage  of  H.  M.  S.  Challenger 
during  the  years  1873-1876.     4",  180  pp. 
In  Report  of  the  scientific  results  of  the  exploring  voyage  of 
H.   M.   S.    Challenge7',   1873-1876,   London,   Government, 

1889,  4",  V.  2,  part  4. 

Philippines,  pp.  160-175;  nearly  or  quite  a  translation  of  Renard's  two 
papers  in  Bull.  Acad,  de  Belgique. 

1890.  Abella  y  Casariego,  Enrique.     Descripcion  fisica,  geologica 

y  minera  en  bosquejo  de  la  isla  de  Panay.     Manila,  Chofre, 

1890.  8%  203  pp.,  5  1.,  and  5  pi.   (incl.  2   maps  of  the 
island  colored  geologically). 

1890.  Centeno  and  others.  Memoria  descriptiva  de  los  manantiales 
minero-medicinales  de  la  isla  de  Luzon  estudiados  por  la 
coraision  compuesta  de  los  Senores  Jose  Centeno,  Anacleto 
del  Rosario  y  Sales,  y  Jos^  de  Vera  y  Gomez.  Madrid, 
Tello,  1890.     8°,  117  pp. 

This  appeared  separately  and  also  in  Boletin  de  la  Comision  del  Mapa 
geologico  de  Espafia,  v.  16,  1889. 

1890.  Meyer,  Hans.     Eine  Weltreise.    Leipzig  und  Wien,  Eibliogra- 
phisches  Institut.     1890.     8°. 
Philippines,  pp.  253-287,  determined  height  of  Data. 

1892.  Baranera,  Francisco  X.  Compendio  de  geografia  de  las  islas 
Filipinas,  Marianas,  Jolo  y  Carolinas.  3d  ed.  Manila, 
Bren,  1892.     12%  192  pp.,  3  maps. 

An  extremely  useful  little  book,  though  not  free  from  errors.  Among 
other  matters  it  contains  an  index  of  the  principal  towns  and  geo- 
graphic features  of  the  islands,  pp.  121-162. 
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1892.  I'osEwiTZ,  Theodor.  Borneo;  its  geology  and  mineral  re- 
sources, translated  from  the  German  by  Frederick  H. 
Hatch.  London,  Stanford,  1S92.  8",  xxxii,  195  pp.,  4 
maps. 
This  work  does  not  deal  with  the  Philippine  Islands,  but  is  important 
for  suggestive  analogies.  It  contains  a  list  of  several  hundred  papers  on 
Borneo. 

1892.  Wallace,  A.  K.     Island  life.     London,  Macmillan.  1892.     8^ 

Philippines,  pp.  387-390. 

1893.  Abella  y  Casariego,  Enrique.     Tcrremotos  experimentados 

en  la  isla  de  Luzon  durante  los  meses  de  marzo  y  abril  de 

1892,  especialmente  desastrosos  en  Pangasinan,  Union  y 
Benguet.  Manila,  Chofre,  1893.  8",  110  pp.,  1  diagram 
and  map. 

The  map  is  on  a  larger  scale  than  any  other  known  to  me  of  the  same 
region.     The  memoir  is  largely  geological. 

1893.  Abella  and  others.  Estudio  descriptivo  de  algunos  manantiales 
minerales  de  Filipinas,  ejecutado  por  la  comision  formada 
por  Don  Enrique  Abella  y  Casariego,  inspector  general  de 
minas,  Don  Jose  de  Vera  y  Gomez,  medico,  y  Don  Anacleto 
del  Rosario  y  Sales,  farmaceutico,  precedido  de  un  prologo 
escrito  por  el  Excmo.  Sr.  D.  Angel  de  Aviles,  director 
general  de  Administracion  Civil.  Manila,  Chofre,  1893. 
8%  150  pp. 
The  half-title  is:  Manantiales  minerales  de  Filipinas;  2",  estudio  descriptivo. 
This  paper  is  largely  geological. 

1893.  Martinez  de  Zuniga,  JoaquIn.  Estadismode  las  islas  Filipinas, 
6  mis  viajes  por  este  pais.  Publica  esta  obra  por  primera 
vez  extensamente  anotada  W.  E.  Retana.  Madrid,  1893. 
8°,  2  v.;  V.  1,  .549+xxxviii  pp.;  v.  2,  lls+f;29*  pp. 
.Vmong  the  appendices  is  a  valuable  bibliography  of  Spanish  works,  384 
titles,  and  an  index  of  geographical  jwints,  pp.  352—420.  The  report  on 
the  three  eruptions  of  1641  is  reproduced  in  v.  2,  p.  334. 

1893.  AouiLAR,  J.  N.     Colonizacion  de  Filipinas.     Madrid,  Alonso, 

1893.  8°,  4U  pp. 

Geology  and  mineral  resources,  pp.  .34.5-409,  seemingly  without  any  origi- 
nal matter. 

1895-1896.  Elera,  Casto  de.     Catalogo  sisteraiitico  do  toda  la  fauna 
de  Filipinas,  etc.     Manila,  Colcgio  de  Santo  Tomas.  1895- 
96.     8%  3  V. 
The  introduction  contains  geological  opinions. 
18!tt).   Martin,  K.     Ueber  tortiiiro  Fossilion  von  den  Philippinon. 

In  Samndungen  des  geologischon  Reichs-Musoums  in  Leiden, 

l.st  s.,  Leiden,  Brill,  1888-1899,  8",  v.  5,  pp.  52-69,  2  cuts. 
This  paper  is  translate<l  as  a  complement  to  this  report. 
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1897.  Lanzas,    Pedro    Torres.     Relacion  descriptiva  de  los  mapas, 

pianos,  etc.,  de  Filipinas  existentes  en  el  archivo  general 

de  Indias.     Madrid,  1897.     12°,  55  pp. 
In  Archivo  del   bibliofilo  filipino,  W.  E.    Retana,   Madrid, 

Rios,  1897,  V.  3,  pp.  445-497. 
Maps  chronologically  arranged  from  1565  to  1847. 

1898.  Coronas,  Jos^.     La  erupcion  del  volcan  Ma.y6n  en  los  dias  25 

y  26  de  junio  de  1897.     Manila,  Observatorio,  1898.     fol., 
55  pp.,  1  leaf,  2  pL,  2  maps. 

Father  Coronas  gives  a  succinct  account  of  the  earlier  known  eruptions. 
For  geological  information  he  refers  to  Abella's  paper. 
1898.   Becker,  George  F.     Memorandum  on  the  mineral  resources 
of  the  Philippine  Islands. 

In  U.  S.  Geological  Survey,  19th  annual  report,  part  vi  con- 
tinued, pp.  687-693. 

This  paper  was  prepared  as  a  report  to  Admiral  Dewey,  at  his  request.  It 
was  reprinted  in  A  Treaty  of  Peace  between  the  United  States  and  Spain, 
55th  Congress,  3d  session,  document  61,  parti,  Washington,  Govern- 
ment, 1899,  pp.  514-518;  reprinted  again  in  The  Philippine  Islands,  report 
by  Mr.  Lodge  from  Senate  Committee  on  the  Philippines,  56th  Congress, 
1st  session,  document  171,  Washington,  Government,  1900,  pp.  19-24. 

1898.  EspiNA  Y  Capo,  Luis.     Ligcro  bosquejo  acerca  de  los  princi- 
pales  yaciraientos  metaliferos  de  Filipinos.     Manila,  MS. , 
1898.     fol.,  191  1.,  folding  tables  and  maps. 
Report  prepared  at  my  request  by  official  in  charge  of  Inspecci6n  de  Minas 
from  material  in  that  office. 

1898.  GoBiERNO  General  de  Filipinas.  Guia  oficial  de  las  Islas 
Filipinas  para  1898,  publicadapor  la  secretaria  del  Gobierno 
General.  Manila,  1898.  8",  1144  pp.  and  appendices. 
Contains  papers  by  heads  of  departments  on  the  meteorology,  resources, 
history,  and  government  of  the  islands  and  much  miscellaneous  infor- 
mation. Abella  is  said  to  have  written  the  section  on  Reino  Mineral, 
pp.  124-131. 
1898.  HiLDER,  F.  F.     The  Philippine  Islands. 

In  National  Geographic  Magazine,  Washington,  I).  C,  1898, 
v.  9,  pp.  257-301. 
1898,  Karuth,  Frank.     A  new  centre  of  gold  production.     London, 
1894. 
Extracts  and  additional  notes  by  author  in  United  States  Department  of 
State,  consular  reports,  1898,  8°,  pp.  414-423. 

1898.  Worcester,  Dean  C,  and  Bourns,  Frank  S.     Contributions 
to  Philippine  ornitholog}'. 
In  United  States  National  Museum,  publication  No.  1134,  8°, 

V.  20,  pp.  349-625. 
Deals  with  distribution  of  avifauna  in  a  waj-  to  suggest  changes  of  level. 
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1899.  Becker,  Georue  F.     Brief  meinoriiiuluin  on   the  geology  of 
the  Philippine  Islands. 
In  U.  S.  Geological  Survey,  2()th  annual  r«>port,  1S98-99,  8°, 

part  2,  pp.  3-7. 
Prepared  as  a  report  to  Gen.  PL  S.  Otiw,  military  governor. 
1899.  Herrmann,   Rafael.     Besueh  iiu  Golddistrict  von  Camaruies 
Norte  (Luzon). 
In  Globus,  Braunschweig,  Vieweg,  1899,  i",  v.  73,  pp.  10-12. 

1899.  Koto,  B.     On  the  geologic  structure  of  the  Mala3'an  archipel- 
ago. 
In  the  Journal  of  the  College  of  Science,  Imperial  Univer- 
sity of  Tokvo,  Japan,  v.  11,  part  2,  published  by  the  Uni- 
versity, Tokyo,  Japan,  1899,  4°,  pp.  83-120,  1  map. 
1899.  Stiere,  J.  B.     Volcanoes  and  earthquakes  in  the  Philippines. 
In  Scientific  American,  New  York,  1898,  fol.,  p.  395. 
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PROVINCIAL  INDEX. 


The  following-  index  is  intended  to  enable  the  reader  to  collate  the 
statements  contained  in  the  foregoing  paper  Iw  provinces  or  districts, 
each  locality  mentioned  there  being  represented  here  by  a  page  refer- 
ence opposite  the  province  to  which  it  belongs.  In  oi'der  to  facilitate 
geographical  acquaintance  with  the  archipelago,  the  index  gives  also 
the  name  of  the  capital  town  of  each  province  or  district  and  the  lati- 
tude thereof,  so  that  if  a  reader  who  is  unfamiliar  with  the  islands 
lesires  to  know  where  to  look  for  any  province,  the  data  here  pre- 
sented will  give  him  the  information. 

The  provincial  divisions  of  the  Philippines  were  of  two  classes, 
provinces  being  administered  by  civil  governors  and  districts  by 
*' politico-militar}^"  governors  who  were  army  oificers.  The  distinc- 
tion is  now  unimportant  excepting  that,  in  reading,  confusion  may 
arise  unless  the  sj'stem  is  undei'stood. 

The  list  of  provincial  divisions  is  that  given  in  the  Compendio  de 
Geografia  of  the  Jesuit  Fathers,  1892,  and  is  that  found  on  most 
maps.  More  recentl}'  some  changes  were  made  by  the  Spanish  Gov- 
ernment, of  which  two  should  be  known  to  the  reader.  They  are  the 
division  of  Albay  into  the  two  provinces  of  Albay  and  Sorsogon,  the 
latter  being  the  more  southerly,  and  the  union  of  Camarines  Norte 
and  Camarines  Sur  into  the  single  province  of  Ambos  Camarines.  As 
the  purpose  of  this  index  is  to  assist  in  the  use  of  the  maps  of  d'Al- 
monte,  Abella,  and  the  Jesuits,  it  would  be  inexpedient  here  to  adopt 
the  recent  changes  in  administration,  which  will  soon  be  replaced  by 
some  system  of  American  origin. 
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Lnz6n  and  adjacent  idands. 


013 


Capital. 


Albav 


Alb; 


Latitude  of 
capital. 


Page  references. 


497,  0.31,  .5.3.3,  .540,  .557, 
569, 570,  583. 


Bataaii 

Batangas 

Bulaciin 

Cayagiin 

CamarineH  X... 

CaiTiariiii'g  S  . . . 


Balaiijra 
liataiigas 
I'.uhifan 
Tiifruetrai 
Daet  ... 


II0CO8  X 
Ilocos  S 
IsaViela  . 
Lagiina. 


Nueva  CVicp 

Laoag  

Vigan 

Ilagan 

Santa  Cniz. 


JManila 


Mindoro. 


Nueva  Kcija  . . . 
Nueva  Vizcaya. 

Pampanga 

Pangasiiiiln 

Tayaha."' 

Uni6a 

Zanibales 


Manila 

Calaiian 

San  iHiih-o  . . . 
Bayoinl)oiig  . 

Bacolor 

Lingayen  

Tayaha^^ 

San  Ferjiaii(l( 
Iba  


u 

42 

.514,  .516, 518,  .522. 

1.3 

45 

515,  .524,  534,  5.39.  563.  564. 

14 

48 

498,570,591. 

17 

37 

540,  569,  583. 

14 

■'' 

498,  .503,  570,  577,  578,  589, 
.590,  591. 

13 

37 

503,  .504,  517,  .521,  .533,  557 
589,  .590. 

18 

13 

17 

34 

501. 

17 

S 

502,  .552,  559. 

14 

17 

495,  511,  521,  533,  534,  563 
591,  593. 

14 

36 

496,  498,  499,  .500,  521,  539 
562,  570, 593. 

13 

24 

497,  498,  .504,  531,  539,  557 
571,583,590. 

15 

18 

498,  .501, 577. 

16 

27 

.501. 

15 

.515,  517,  .521,. 5,39. 

16 

4 

498,521,524. 

14 

1 

503,  524, 557,  .569, 570,  589. 

16 

38 

501,502,527,539,558,569. 

15 

21 

498, 499, 500,  583. 

Ijatitude  of 
capital. 


Page  references. 


Abra 

liatanes  ... 
Hcnguet . . . 


Bangned ' 

Santo  Domingo  do  Ba.^co 
Trinidad 


Uontoc... 

(avite 

Corregidor. 

Infanta 

Li'panto . . . 
Morong  ... 


Bontoc 

("avite 

San  Jos«^ 

BinangonandeLanipong 

('ervantes 

Morong 


Prfncipe . . . 
Tiirlac 


Maler.. 
Tarlac . 


500, 569, 577. 

540. 

501,502,558,  559,  562,577, 
589. 

.501, 518,  .521,  522, 577. 

539. 

514, 516, 518, 5.39. 

498, 503,  509,  570, 583. 

501,  521,. 522, 540, 577,  .584. 

493,  .500,  517.  521,  522,  551, 
559,  562, 570,  591. 


13 
29 
23 
48 
1 
31 

47 

30  1  499, 521, 522,  .560. 
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Central  Islands,  or  Visayas. 


Anti(ine 

Bohol 

Burias 

Calamianes 

Cdpiz 

Cebu , 

Concepcion , 

Iloilo 

Leyte 

Masbate 

Negros  Occidental 

Negros  Oriental . . 

Romblon 

Siiniar 


Capital. 


San  ,Tos^  de  Bnenavista. 

Tagbilaran 

San  Pascual 

Cuyo 

Cdpiz 

Cebu , 


Latitude  of 
capital. 


Concepcion 

Iloilo 

Tacloban  .. 

Masl)ate  . . . 

Bacolod  . . . 

Damagnete 

Romblon  . . 
Catbalogan 


13  8 

10  52 

11  35 
10  18 


11  13 

10  42 

11  15 

12  24 

10  42 
9  20 

12  34 

11  48 


Page  references. 


498,  504,  505,  512,  518,  521, 
522,  590. 

497,  521,  530,  563,  565,  583. 

497. 

496, 504, 563,  566. 

571, 580, 583. 

497,  498,  505,  506,  507,  512, 
514,521,523,530,551,552, 
560,561,564,565,566,572, 
580,  591,  593. 

505. 

557,560,566,571,580,593. 

497,  498,  504,  507,  515,  523, 
530,  557,  575,  580,  593. 

497,  546,  557,  566,  571,  583, 
589. 

505,  514,  522,  556,  560,  564, 
572. 

497,  512,  513,  514,  523,  529, 
564,  572,  584. 


96,  498,  504,  530,  557,  659, 
571, 580, 590. 


Mmdanax),  Jol6,  and  Palawan. 


Baliibac  ... 

Basilan 

Cottabato.. 

Dilvao 

Jolo 

Misarais  . . . 

Paragua  . . . 

Surigao 

Zamlwanga 


Balabac 

Isabela  de  Basilan. 

Cottabato 

Dilvao 

Jolo 


Puerto-Princesa . 


Surigao 

Zaniboanga . 


Latitude  of 
capital. 


Cagayan  de  Misaniis 


Page  references. 


497,  566,  590. 


6  45     511,564 

7  1.-   ' 


495, 528,  576. 

508, 523, 526, 527, 576. 

497,  523,  526,  559,  562,  564, 
566,  584. 

498,  507,  508,  513,  523,  528, 
530,547,558,559,576,581. 

509,  530,  540,  561,  563,  565, 
566. 

494,  498,  507,  508,  523,  547, 
557, 576,  581,  584, 590. 

508,  523,  551,  557,  560,  563, 
565, 576. 


CONCERNING  TERTIARY  FOSSILS  IN  THE  PHILIPPINES. 


Bv  K.  Mautix. 


The  occurrence  of  Tertiary  deposits  in  the  Philippines  has  long  })een 
known.  As  early  as  1861  F.  von  Richthofcn'  reported  on  numniulites 
which  he  had  discovered  in  limestones  in  place,  close  to  the  village  of 
Binangonan,  on  Bay  Lake,  not  far  from  Manila.  R.  von  Drasche' 
represented  these  P^ocene  limestones,  which  also  appear  at  various 
other  points  north  of  Binangonan,  on  his  geological  sketch  map  of 
southern  Luzon;  and  von  Richthofen  furthermore  expressed  his  opin- 
ion that  the  well-developed  series  of  strata  in  the  mountains  of  Zam- 
boanga,  on  the  southwest  coast  of  Mindanao,  likewise  belong  to  the 
nummulite  formation. 

C.  Semper  collected  a  great  luimber  of  fossils  in  the  Philippines,  but, 
while  the  rocks  brought  back  by  this  naturalist  have  been  worked  up 
bv  K.  Oebbeke,*  the  fossils  have  remained  undescribed.  Nevertheless, 
it  was  not  unknown  to  Semper  that  these  latter,  at  least  in  part,  came 
from  Tertiary  strata,  for  he  says:  ""Against  this  trachytic  core  (of  the 
Philippines)  lie  numerous  sedimentary  strata  at  vai'ious  elevations. 
They  are  fossiliferous  sandstones  and  shales,  whose  mussels  and  snails 
arc  in  part  still  found  living  in  the  surrounding  seas.  They  sureh% 
therefore,  l)elong  to  a  very  recent  period."  Further  on  it  is  remarked, 
concerning  the  highest  coral  reefs,  standing  at  elevations  far  above 
sea  level,  that  ''they  seem  to  belong  as  far  back  as  the  Tertiary."  ' 

J.  Roth,"  who,  in  1873,  compiled  all  the  information  then  available, 
came  to  this  conclusion:  '*In  th(>  Philippines,  on  a  formation  of  ciys- 
talline  schists,  lie  strata  which  are  in  part  certainly  Tertiary  (Eocene), 
and  abundant  younger  l)eds.  raised  l)anks,  and  coral  reefs  which  con- 
tain moUusca  of  species  still  surviving  in  the  Pacific."     Shells  from  a 

'  .Sumnihingen  dos  goologisclien  ReichM-Muscum.s  in  Leiden,  Vol.  V.,  18%,  pp.  .53-69.  Trnnsliitcd  by 
Mr.  G»"orgc  F.  Becker  ns  a  complement  to  liis  paper,  published  herewith,  on  the  Geology  of  the  Phil- 
ijipine  Island.s. 

-  I'eber  diis  vorkommen  von  Numraulitenformation  auf  .lapan  uiiil  don  Pliilippiiion:  Zeit.sclir. 
Deiil.Mch.  geol.  Gesell.,Vol.  XIV,  18f.2,  p.  3.i7. 

3  Fnigmente  zu  einer  Geologic  der  Tnsel  Luz6n,  mil  eincm  Anhange  Uber  die  Foraminlferen  dor 
tertiiiren  Thonc  von  Luzon  von  Felix  Karrer,  Wicn,  1878. 

■•Beitriige  znr  I'etrographie  der  Philippinen  uud  der  Pnlau-Inseln:  Neue.-i  Jahrbuch  filr  Mineral., 
Get)l.,  Pultcont.,  BeilagcBnnd  I,  p.  l.-il. 

»C.  Semper,  Die  Philippinen  und  ihre  Bewohner,  Sechs  Skizzen,  Wvirzburg.  1869,  p.  17. 

"Ucber  die  geologisehen  BeschnfTenheit  der  Philippinen:  In  F.  Jugor,  Keisen  in  den  Philippinen, 
Berlin,  1K7:!.  p.  33:!. 
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bank  on  the  west  side  of  the  peninsula  of  Jalajala,  in  Bay  Lake,  were 
detei'mined  h\  von  Martens  as  belonging  exclusively  to  recent  species. 
On  the  other  hand,  extinct  as  well  as  living  species,  according  to  the 
same  naturalist,  occur  in  yellowish-gray  clays  which  lie  near  Paranas, 
on  the  west  coast  of  Samar.  Banks  of  recent  shells,  however,  were 
found  also  both  at  Paranas  and  on  the  south  coast  of  Siimar,  near 
Basey  and  Nipa-Nipa.^ 

The  occurrence  of  Miocene  in  the  Philippines  was  first  established 
by  Karrer  through  investigation  of  Foraminifera  which  came  from  the 
western  slope  of  the  Sierra  Zambales  on  the  western  coast  of  northern 
Luzon.  There  occur  "tutfaceous  Foramin  if  era-bearing  marls  up  to 
altitudes  of  400  feet  along  the  sea  coast  between  Palauig  and  Santa 
Cruz,  and  perhaps  still  farther  north." '  I'hese  marls  are  compared  by 
Karrar  with  those  from  Java  and  elsewhere.  He  reached  the  conclu- 
sion that  the  marls  in  ([uestion  are  younger  than  certain  Javanese  beds 
which  at  that  time  had  already  been  assigned  to  the  Miocene,  but  he 
calls  attention  to  the  fact  "that  the  difference  in  age  need  not  be  con- 
sidered so  great  as  to  necessitate  assignment  to  different  divisions  of 
the  Tertiarj',  since  they  probably  represent  only  older  and  younger 
horizons."  Accordingly,  Karrer  correlates  the  marls  of  the  Sierra 
Zambales  as  3'ounger  Miocene. ' 

R.  von  Drasche  pursued  the  comparison  l)etween  the  sti'ata  of  Luzon 
and  the  Javanese  Tertiary  still  further,  taking  as  his  basis  the  division 
of  the  strata  of  Java  given  by  F.  von  Hochstetter.*  He  says:  "The 
thick  tuffs  of  northern  Luzon  may  be  included  in  group  a  of  the  Mio- 
cene (of  von  Hochstetter).  In  this  group,  too,  are  to  be  mentioned  the 
foraminiferous  marls  of  the  Sierra  Zambales.  To  group  7j  belong  the 
coral  reefs  of  Luzon,  which,  in  Luzon,  and  no  doubt  also  in  Java,  may  be 
characterized  as  Pliocene."  It  must  be  explicitly  mentioned,  however, 
that  the  Foraminifera  determined  by  Karrer  furnish  the  onl}^  paleon- 
tological  evidence  for  these  age  determinations  ])y  von  Drasche,  so  that, 
except  so  far  as  thej'  apply  to  the  marls  of  the  Sierra  Zambales,  they 
must  be  characterized  as  mere  suppositions. 

Th.  Fuchs  investigated  ill-preserved  remains  from  the  same  coral- 
line limestones  of  Luzon  which  were  considered  by  von  Drasche,  accord- 
ing to  the  statements  cited  above,  as  probably  Pliocene.  According 
to  this  authority  ''the  forms  could  all  be  referred  to  living  species, 
and,  indeed,  without  forcing  matters  at  all."  Fuchs  says:  "In  fact, 
there  is  no  objection  to  regarding  them  as  entirely  Recent."'  In  har- 
mony with  this  statement  Semper"  mentions  that  in  the  hills  of  Arin- 
ga3%  northwest  Luzon,  he  found  a  coral  which  is  closely  related  to 
Heteropsammia  rotimdrifa  Semp. 

'  Roth, loc.  cit., pp.  342, 352, 353.  -  R.  von  Drasche,  loc.  cit.,  p.  21.  » Ibid,  ji.  M. 

^  Rcisc  der  iistereichischen  Fregatte  Xnvara  um  die  Erde,  gcolog.  Theil,  Vol.  II,  I86G,  p.  Uil. 

•'•  11.  von  Drasche,  loc.  cit.,  p.  42. 

M-ol)or  Generationswechsel  bci  Stcink.iralk-n,  flc:  Z.-itschr.   fiir  wiss.  Znologie,  Veil.  XXII,  l.>s-2. 
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The  foregoing  gives  an  account,  1  believe,  of  ererj-thing  which  is 
thus  far  known  of  Tertiary  fossils  in  the  Philippines.  As  is  apparent, 
this  is  to  all  Intents  confined  to  the  Xummulites  from  the  neighborhood 
of  Manila,  and  to  the  Foraminifera  from  the  Sierra  Zambales  of  north- 
western Luzon.  Even  on  that  account  the  fossils  which  were  collected 
by  Semper,  and  which,  after  the  death  of  that  tireless  naturalist,  came 
into  the  possession  of  the  Leiden  museum  would  excite  special  interest. 
They  iicquire  a  greater  importance  from  their  localities,  for  a  large 
part  of  them  come  from  regions  which  were  visited  neither  1)3'  Jagor 
nor  by  von  Drasche,  and  which,  indeed,  have  never  been  geologically 
investigated  at  all. 

Now,  in  reviewing  Semper's  collection.  I  was  at  once  struck  with 
Ylrnrtja  callom  Jenk.,  which  is  known  from  Java  and  is  described  in 
detail  below;  and  this  induced  me  to  make  a  closer  comparison  between 
the  fossils  of  the  Philippines  and  those  of  the  Indian  Archipehigo, 
whereby  it  at  once  })ecanie  apparent  that  a  whole  series  of  species, 
especiallv  of  the  Javanese  Tertiary,  is  common  to  both  regions.  Thus 
far,  indeed,  I  have  been  unable  to  make  a  complete  study  of  Semper''s 
collection,  and  for  the  time  being  it  has  little  fuither  interest,  because 
statements  as  to  stratigraphical  position  are  entireh'  lacking  and  the 
ecpiivalent  deposits  of  neighboring  regions  are  still  very  insufficiently 
known.  After  completion  of  my  monograph  on  the  fossils  of  Java, 
howevei-,  I  hope  to  undertake  a  more  thorough  study  of  the  Philippine 
fossils,  and  to  supplement  this  preliminary  comnumication. 

The  species  of  the  Semper  collection  which  have  thus  far  bciMi  deter- 
mined arc  as  follows: 

Occiirri'iicc  clsowhorc. 

Tfi-ebra  Jonkinsi  K.  Mart.  (Fos.s.  von  Java,  p.  8) M. 

Tt-rebra  handiingensi.s  K.  Mart.  (Fos.m.  von  Java,  p.  10) M . 

CoiuiH  sinonyiH  Sow.  (Fosh.  von  Java,  p.  13) F;  L. 

('(imis  insculi)tiis  Kien.  (Fo.ss.  von  Java,  p.  14) M;  1.. 

Coniis  palahiiancnsis  K.  Mart.  ( Foss.  von  Java,  p.  1(5) I. 

(!()iniH  Loroisii  Kien.  (Fosy.  von  Java,  p.  21) .M;  I';   L. 

I'h'iirotonia  gendinganensis  K.  IVIart.  (Fof^H  von  Java,  p.  32) 1". 

Plcurotonm  carinata  Gray  (  Fosh.  von  Java,  p.  37) P;  L. 

rifurotoniacoronifera  K.  Mart.  (Foss.  von  Java,  p.  38) K.  (?) ;  ^f. 

I'lcunitonia  ni'^'li'cta  K.  Mart.  ( Fo.^s.  von  Java,  p.  42) M. 

Turrirula  hataviana  K.  Mart.  (Foss.  von  Java,  p.  78) 1'. 

FuHUs  Verbec'ki  K.  Mart.  ( Foss.  von  Java,  p.  85) M ;  1'. 

Latinis  nia<liunen.«i.s  K.  !\[art.  (Foss.  von  Java,  p.  88) 1'. 

Pyrnla  itigas  K.  Mart.  ( Foss.  von  Java,  p.  90) M . 

Tritonidi'a  vcntrio.'fa  K.  Mart.  (Foss.  von  Java,  p.  99) M. 

Nassa  Vorhi'eki  K.  Mart.  ( Foss.  von  Java,  p.  1 10) W 

MiMH-x  Vcrlu'eki  K.  Mart.  (Foss.  von  Java,  ji.  123) V. 

IMurcx  djarianensis  K.  Mart.  (Foss.  von  Java,  p.  124) .M. 

Mtn»x  l)n'vispina  Lam.  ( Foss.  von  Java,  p.  12(5) M.  ('.' ) ;  1';  L. 

Miircx  i>innatns  Wood.  (Foss.  von  Java,  p.  127) .M;  L. 

M  un-x  niicroph yllus  Lam.  ( P'oss.  von  Java,  i>  1 27 ) M ;  L. 

Murcx  capuciiius  Lam.  (Foss.  von  Java,  |).  123  )  — ;  L. 


618  TERTIARY    FOSSILS    IN    THE    PHILIPPINES. 

OccTirreiK-e  elsi.'  where. 

Murex  Grooti  Jenk.  ( Foss.  von  Java,  p.  131) >I. 

Eauella  spinosa  Lam.  (Sammlg.  I,  p.  201) M;  L. 

Ranellaelegans  Beck.  (Sammlg.  Ill,  p.  137) M;  L. 

Raiiella  raninoides  K.  Mart.  (Sammlg.  I,  p.  203) :\r. 

Ranella  gyrina  Linn,  (not  yet  known  from  Java) — ;  L. 

Cypraea  Smithi  K.  ISIart.  (Sammlg.  Ill,  141 ) M. 

Strombiis  ii^abella  Lam.  (Notes  Leyden  Mus.  Ill,  p.  19) Q;  L. 

Rostellaria  Javana  K.  :Mart.  (Tertsch.  Java,  p.  50) M. 

A'icarya  callosa  Jenk.  ( Tertsch.  Java,  p.  62) M. 

Potamides  Jenkins!  K.  Mart.  (Sammlg.  Ill,  p.  147 ) P. 

Turritella  terebra  Lam.  (Sammlg.  Ill,  p.  171) Q;  L. 

Natica  mamilla  Lam.  (Tortsch.  Java,  p.  81) M;  L. 

Area  granosa  Linn.  (Sammlg.  Ill,  p.  242) P;  L. 

Cardita  decipiens  K.  Mart.  (Tertsch.  Java,  p.  110) P. 

Venus  squamosa  Lam.  (Sammlg.  Ill,  p.  207) P;  L. 

dementia  papyracea  Gray  (Tertsch.  Java,  p.  99) M;  P;  L. 

Corbula  scaphoides  Hinds.  (Sammlg.  Ill,  p.  196 ) 'SI;  P;  L. 

Callianassa  Dyki  K.  Mart.  (Sammlg.  Ill,  p.  36) M;  Q. 

The  appenclod  initials  indicate  the  occurrence  of  the  species  in  the 
Tertiary  of  other  parts  of  the  Indian  Archipelago,  as  well  as  among 
the  fauna  of  the  present  day.  Thus  E  denotes  Eocene;  M,  Miocene; 
P,  Pliocene;  J,  later  Tertiary  in  general;  Q,  Quaternary;  L,  living 
species. 

The  above-mentioned  fossils  are  distributed  among  the  following 
localities: 


1.  MinaiKjd  ;  right  hank  of  the  Catalangan. 

Fusus  Verbeeki  ^lart 31 ;  P.  Rostellaria  javana  Mart ]M. 

TritonideaventriosaMart.  M.  Vicarya  callosa  Jenk M. 

Murex  brevispina  Lam  .. .  M.  (?);  P;  L.  Natica  mamilla  Lam M;  L. 

Murex  pinnatus  Wood  ...  M ;  L.  Cardita  decipiens  Mart .   P. 

Ranella  raninoides  Mart. .  !M.  Venus  squamosa  Lam P;  L. 

J.   Mmatujd  ;  right  bdnk  of  the  llaroeri. 

Terebra  Jenkinsi  Mart :\r.  Ranella  gyrina  Linn L. 

Terebra  bandongensis  Mart M.  Rostellaria  javana  Mart M. 

Fusus  Verbeeki  IMart M ;  P.      Vicarya  callosa  Jenk M. 

Murex  Grooti  Jenk M.  Cardita  decipiens  Mart P. 

.i.   Right  hdiik  of  tlie  Ilarofn  ;  4  miles  above  Minanga. 

Fusus  Verbeeki  Mart 31 ;  P.  Rostellaria  javana  Mart M. 

Murex  brevispina  Lam  ...  M.  (? ) ;  P;  L.      Natica  mamilla  Lam M;  L. 

Ranella  raninoides  Mart. .  M. 

4.  Left  ijuiik  of  the  Ilaroen;  ij-  mlies  ohore  Goroen. 

Murex  djarianensis  Mart. .  M.  Ranella  spinosa  Lam M;  L. 

Murex  brevispina  Lam  ...  31.  (?) ;  P;  L.  Potamides  Jenkinsi  Mart P. 

Murex  microphyllus  Lam.  31;  L.  Natica  mamilla  Lam 31;  L. 

Murex  Grooti  Jenk 31.  Cardita  decipiens  3Iart P. 
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5.  Left  bank  of  the  Ilnroen;  4  milen  tiboir  Ooroen. 

Conus  sinensis  Sow P;  L.      Fusus  Verbeeki  Mart IM;  P. 

ConuH  palabuanensis  Mart J.  Kanella  gyrina  Linn L. 

6".   Footltill.s  ill  front  of  Arintjoi/. 

Conus  Loroisii  Kien yi;  P;  L.      Xassa  Verbeeki  ^lart P. 

Pleurotoma    gendinganensis  Natica  niainilla  Lam M;  L. 

Mart r. 

7.   Hills  close  to  Arinr/ai/. 

Pleurotoma  carinatii  ( iray P;  L. 

6'.   Dicamnl  Brook. 

Vicarya  calloua  Jenk ]SL 

ft.  Satpiit. 
Cypraea  Smithi  Mart ^L      Rostellaria  javana  ^lart M. 

II.     MINDANAO. 

1.   Left  hank  of  Aguson  River  <it  Torjasup. 

Latirus  madiunensis  Mart P.  Ranella  gyrina  Linn L. 

Murex  microphyllus  Lam M;  L.      Turritella  terebra  Lam Q;  L. 

Ranella  raninoides  Mart M. 

J.  Af/nsan  Hirer  hetrveeu  I'agamp  and  Libuton. 

Turritella  torubra  Lam Q;  L-      Venu.s  s()uamosa  Lam P;  L. 

3.  Maasin  on  the  AguKiiii. 

Conu.«  in.«culptus  Kien M;  L.      Murex  Verbeeki  ^lart P. 

Turricula  bataviana  Mart 1'.  Xatica  mamilla  Lam M;  L. 

4.  >Salar  ij  Maputl  River. 

Murex  Verbooki  ^lart P.  Area  granosa  Linn P;  L. 

SfrombuH  isabella  Lam (.J;   L.       dementia  papyracea  Gray ^I;  P;  L. 

Natica  nianiilla  Lam M;  L.      Corbula  .scaphoides  Hinds M;  P;  L. 

,  S.   Zamlioanija,  river  bank  ^h  miles  north  of  Zetniboanrja,  upper  slrntiini. 
^lurex  capucimis  Lam L. 

III.  cKur. 
Coal  mines  at  Alpaco. 


Vioarya  callo.aa  Jenk ^L 

For  ii  con^idorable  number  of  species  the  exaet  localities  are  imt'or- 
tuiuitely  entirely  unknown.  These  are  Pleurotoma  conmlfiro  Mart., 
]'l.nt(fh'ct(i  Mart.,  Pyrula  </i(/(if<  Mart.,  Hanelia  elegans  Beck.,  and 
CalU(ma<\-^n  Dyl'i  Mart. 
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The  most  interesting  of  these  fossils  are  those  collected  from  the 
bank  of  the  Catalangan  River  and  the  Ilaroen.  These  are  two  small 
streams  which  at  Minanga  empty  into  the  Ilagan,  a  right-hand  tribu- 
tar}'  of  the  Rio  Grande  de  Cagayan,  which  debouches  on  the  north 
coast  of  Luzon.  The  Catalangan,  "a  narrow  mountain  torrent,"  is 
the  less  important  and  flows  from  the  east.  The  Ilaroen  comes  from 
the  south.  ^  Unfortunatel,y  Semper's  notes  on  his  journey  in  this 
neighborhood  bear  the  impress  of  haste.  Lack  of  food  and  illness 
prevented  exact  observations,  and  consequently  his  report  contains  no 
precise  information  as  to  the  localities  of  the  Tertiary  fossils  from  the 
Catalangan  and  the  Ilaroen. 

Among  the.se  fossils  Vlcarya  callosa  Jenk.  is  of  the  utmost  impor- 
tance, because  this  characteristic  genus,  of  which  only  two  species  are 
known,  may  be  considered  as  a  good  guide-fossil  to  the  tropical  Mio- 
cene. For  V.  callosa  Jenk.  has  hitherto  been  found  onh^  in  the  upper 
^Miocene  of  Java,  and  V.  Vcriwinli  d'Arch.  occurs  only  in  the  Gaj 
series  of  western  India,  which  also  belongs  to  the  Miocene.  Accord- 
ing to  this  indication,  there  would  be  Miocene  beds  in  place  both  on 
the  bank  of  the  Catalangan  and  on  that  of  the  Ilaroen.  The  other 
fossils  from  the  same  localities  arc  in  complete  harmony  with  this  sup- 
position. From  the  right  bank  of  the  Catalangan,  as  appears  in  the 
list  given,  there  are  in  the  collection  10  species,  of  which  6  are 
extinct,  8  are  known  in  the  Miocene  (unquestionably),  and  4  have 
hitherto  been  found  onh*  in  the  Miocene  deposits  of  the  Indian  Archi- 
pelago. From  the  right  bank  of  the  Ilaroen  at  Minanga  8  species 
have  been  determined,  among  which  only  1  is  still  living,  while  6 
occur  in  the  Miocene,  and  5  of  these  exclusively  in  the  Miocene. 
Each  of  the  localities,  even  taken  by  itself,  thus  points  unambig- 
uously to  the  occurrence  of  the  Miocene  near  Minanga,  and  it  may 
be  considered  as  beyond  question  that  the  strata  of  the  two  localities 
ai'e  coeval.  On  this  assiunption  all  the  fossils  of  Minanga  ma}'  be 
regarded  as  a  single  group.  This  method  of  dealing  with  the  subject 
gives  14  different  species,  of  which  9,  or  36  per  cent,^  are  extinct,  11 
are  Miocene,  and  7  are  exclusively  Miocene.  Judging  from  all  these 
facts,  the  strata  at  Minanga  are  to  be  classed  with  the  upper  Miocene 
bed  which  exists  in  Java  in  the  locality  denoted  by  Junghuhn  by  O 
and  at  Selatjau  on  the  Tji  Longan. 

It  is  also  presumable  that  the  remaining  fossils  which  were  collected 
from  the  bank  of  the  Ilaroen  ahove  Minanga  and  Goroen  (Nos.  3  to  5 
of  the  above  list)  were  taken  from  upper  Miocene  strata.     Further- 


1  Compare  the  map  in  Semper's  Philippinen,  and,  further,  Semper's  journey  through  the  northeast 
provinces  of  the  Island  of  Luzon:  Zeitschr.  fiir  allg.  Erdkunde,  Neue  Folge,  Vol.  X,  1861,  pp.  256-2,58. 
In  the  latter  paper  one  of  the  .streams  is  called  Ilagon  or  Ilaron,  but  both  on  the  labels  and  on 
Semper's  map  it  appears  as  Ilaroen,  so  that  I  must  consider  this  last  form  the  correct  one.  [On  Mr. 
d'Almonte's  map,  Semper's  Minanga  seems  to  be  represented  by  JlalunU.  The  stream  from  the 
ca.st  is  called  Catalangan,  but  that  from  the  south  is  put  down  as  Tarretic.  Polynomial  streams 
form  an  abiding  source  of  confusion  throughout  the  Philippines.— G.  F.  B.] 

2This  should  read  36  per  cent  still  alive  or  (H  per  cent  extinct. — G.  F.  B. 
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more,  there  must  be  such  also  on  the  brook  Dicamui,  since  thence  also 
comes  a  specimen  of  Vicnrya  adlom.  Unfortunately  I  was  unable  to 
determine  ci'rtainl}'  where  this  brook  is,  yet  it  is  presumably  identical 
■with  the  Dicainuni,  which  flows,  according  to  Oebbeke,  "in  the  land  of 
the  Minangas  on  the  west  side  of  the  cordillera  of  northwest  Luzon. "^ 
The  same  typical  fossil  of  the  upper  ]\Iioccne,  Yicarya  callosa,  occurs 
finally  at  the  coal  mines  of  Alpaco,  on  the  island  of  Cebu,  to  the  north 
of  Mindanao.  These  mines  lie  in  the  interior  of  the  island,  in  a  south- 
westerly direction  from  the  town  of  Cebu  and  to  the  northwestward 
of  Naga. 

Abella  y  Casariego,  who  has  drafted  a  general  g(»ological  map  of 
Cel)ii,'  divides  the  rocks  into  a  core  of  eruptives  and  superimpost'd 
strata  of  the  Nummulite  formation,  post-Pliocene  limestone,  and 
finally  Recent  alluvium.  The  determination  of  the  post-Pliocene  strata 
depends  upon  a  thorough  investigation  of  the  remains  found  in  them, 
of  which  twenty-nine  could  l)e  identified  with  living  species,  while  no 
extinct  species  whatever  were  found. ^  Paleontological  proof  is  also 
given  for  the  existence  of  the  Nuuuuulite  formation,*  but  it  must  be 
regarded  as  very  questionable  whether  the  entire  system  of  strata*  con- 
sidered as  belonging  to  it  ought  to  be  regarded  as  Eocene.  That  at  least 
a  i^art  of  this  system  must  be  excluded  is  proved  by  Semper's  find;  for 
according  to  the  map  of  Abella  y  Casariego  the  mines  of  Alpaco,  at 
an  elevation  of  298  meters,  are  also  in  the  Eocene,  which,  as  shown 
above,  is  incorrect.  The  strata  Avhich  contain  Yicarya  callom,  how- 
ever, seem  to  be  the  same  which  have  attracted  the  attention  of  the 
Spanish  naturalist  and  which  crop  out  on  the  slope  of  Sibod.  In  fact, 
according  to  Abella,  the  limestones  at  this  point  are  covered  by  a 
fossiliferous  marl  which  can  not  be  classed  with  them  either  on 
petrographical  grounds  or  by  its  fossils.*  Although  the  conditions 
are  not  described  Avith  the  clearness  Avhich  would  be  desirable,  it  nuist 
be  considered  v(>rv  probable  that,  in  this  region  of  Cebu,  Eocene  lime- 
stones are  overlain  1)y  MioccMie  mails. 

In  addition  to  the  localities  already  dealt  with,  the  neighborhood  of 
Aringay  in  Luzon  requires  attention  first  of  all.  This  place  lies  in  the 
northwestern  portion  of  the  island,  on  the  northeast  coast  of  Lin- 
gay^n  Bay,  and  Semper  visited  it  from  the  capital  of  the  district  of 
Benguet,'  which  is  likewise  called  Benguet,  or,  also,  La  Trinidad.     It 

Ubitl.,  p. -198.  [I  have  henrd  of  no  tribe  of  Minnngns.  According  to  Semper's  text  nnd  his  mnp, 
Miiiiingii  is  in  "  the  land  of  the  Irayas,"  a  well  known  tribe  in  the  Province  of  Isjibela.  Tin-  proba- 
bilities are  strongly  in  favor  of  the  hypothesis  that  Dicamui  or  Dicamuni  is  a  brook  near  tln' Ciila- 
langan,  and  that  in  the  phrase  quoted  from  Oebbeke  northeast  should  be  substituted  for  northwest. 
In  Ilocos  I  can  llnd  no  suggestion  of  similar  names,  and  Semper  correctly  labels  that  part  of  the 
country  "land  of  the  Igorroies."  Minanga  is  one  of  the  few  names  entered  on  Semper's  map  ia 
northern  Luz6n.— U.  F.  B.] 

2  D.  Enrique  Abella  y  Casariego.  Kapida  dcseripci6n  fisica,  geoUigica  y  minera  de  la  Islo  de  Cebil, 
Madrid,  18«G. 

!>Ibld.,p.VJ6.  Mbid..p.  am.  '•Ibid.,p.  114. 

•Reiscn  durch  ilie  nordlichcn  I'rovinzen  dcr  liisel  Luzon:  Zeitschr.  fiir  allg.Erdkuude,lWJ,p.86. 
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is  ill  this  sense  that  his  descriptive  terms  "foothills  in  front  of  Arin- 
gay"  (Vorhiigel  vor  A.)  and  "hills  close  to  Aringay  "  (nachster  Hiigel 
von  A.)  are  to  be  understood,  since  the}'  manifestly  indicate  a  refer- 
ence to  the  road  followed.  According  to  Aon  Drasche,  a  range  of 
hills,  200  to  300  feet  in  height,  lies  between  Aringay  and  the  sea,  fol- 
lowing the  narrow  strip  of  alluvium  which  accompanies  the  coast. 
This  range  is  steep  on  the  side  toward  the  soa,  and  at  the  point  in 
question  is  composed  of  light-yellow  earth}-  tutf.  Laj'ers  of  tuft'  are 
also  exposed,  according'  to  this  authority,  at  many  points  between 
Aringa}'  and  Bonguet,*  but  these  tufts  toward  the  interior,  even  at 
Galiano,  are  "  no  longer  earthy,  but  (piite  hard,  crystalline  and  sand- 
stone like."  Probalily  on  this  account  Semper  states"  that  sandstones 
form  the  entire  western  slope  of  the  Cordillera  from  Benguet  to  Arin- 
ga}-,  but  he  particularly  states  that  this  rock,  "at  all  events  the  upper 
strata  of  it,  is  al)solutely  devoid  of  fossils."  The  Ileterojjmnimia 
already  mentioned,  which  Semper  collected,  can  not,  therefore,  come 
from  the  neighborhood  of  Galiano,  as  von  Drasche  supposed.  They 
can  come  only  from  the  range  of  hills  parallel  with  the  shore  near 
Aringay,  from  which  also  the  fossils  that  I  have  determined,  em- 
bedded in  a  dirt}-,  gray,  sandy  marl,  must  also  have  been  derived. 
This  range  of  hills  at  Aringay,  then,  must  belong  to  the  later  Tertiary, 
as  the  fossils  enumerated  prove,  and  the  conditions  suggest  that  they 
may  be  coeval  with  the  strata  which  are  developed  as  tuffaceous  marls 
along  the  seacoast  l)etween  Pahiuig  and  Santa  Clara,  claimed  by  Karrer 
as  late  Tertiary.  The  fossils  thus  far  identified,  however,  are  insuffi- 
cient to  determine  whether  the  sediments  of  Aringay  are  referable  to 
the  Miocene  or  the  Pliocene. 

The  position  of  Satpat,  on  Luzon,  from  which  two  Miocene  fossils 
mentioned  above  were  obtained,  I  have  unfortunately  been  unable  to 
ascertain. 

As  for  Mindanao,  it  can  not  be  demonstrated  from  specimens  which 
have  been  investigated  that  Miocene  strata  occur  there,  for  I  have  but 
a  single  species,  Ranella  raninoides  Mart. ,  which  is  known  only  in  the 
Miocene.^  On  the  other  hand,  it  is  clear  that  there  are  upper  Tertiary 
beds  along  the  Agusan  River.  If  it  were  permissible  to  assume  that 
all  the  fossils  of  the  list  given  above  originated  in  equivalent  beds, 

'  Friigmente,  pp.  29-31. 

2  Ibid.,  p.  84.  [Abella  asserts  positively  that  these  rocks  are  sandstones  derived  from  a  dioritic 
area.  Terremotos  experimetados  en  la  Isla  de  Luz6n  durante  .  .  .  1892,  Manila,  1893,  p.  33.— 
G.F.B.] 

3 Marine  Miocene  is  assumed,  however,  by  Casariego  in  Mindanao,  in  his  Memoria  acerca  de  los  cri- 
aderos  auriferos  del  segundo  distrito  de  Mindanao:  Bol.  de  Comisi6n  del  Mapa  geol6g.  de  Espafla, 
Vol.  VI,  Madrid,  1879.  This  paper,  which  is  noticed  in  Neues  Jahrbuch,  1883,  I,  p.  355,  I  have  unfor- 
tunately been  unable  to  consult,  and  on  what  grounds  the  determination  of  the  strata  in  question  as 
Miocene  rests  is  not  inferable  from  the  notice.  [Abella,  whose  mother's  maiden  name  was  Casariego, 
relied  chiefly  on  the  petrographical  character  and  geognostic  position  of  these  beds  in  referring  them 
provisionally  to  the  middle  Tertiary.  In  the  limestones  of  the  hills  surrounding  Pigtao,  on  the  Iponan 
River,  he  found  imperfect  fossils,  including  one  which  he  thought  himself  justified  iu  referring  to  the 
genus  TiirhinoUa,    Loc.  cit. ,  pp.  35, 46.— G.  F.  B.] 
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and  their  state  of  preservation  makes  this  probable,  there  would  be 
in  all  10  species,  6  of  them,  or  60  per  cent,  still  living;  4  species  occur 
in  the  Miocene  and  the  same  number  in  the  Pliocene;  but  of  these  last 
three  are  known  only  from  the  Pliocene.  These  are  Latirm  madlan- 
eiisls  Mart.,  Turricula  hatavUma  Mart.,  and  Murexvei'heelci^i'axi.  All 
this  argues  the  occurrence  of  the  Pliocene  on  the  Agusan  River,  and 
in  harmony  with  this  indication  is  the  exceedingly  fresh  appearance  of 
the  fossils  at  hand. 

The  same  age  finally  may  l)e  ascribed  to  the  fossils  from  the  river 
Salac  y  Maputi  in  ^Mindanao;  for  although  of  the  6  species  deter- 
mined from  this  locality  no  fewer  than  5  belong  to  the  present  fauna, 
yet  of  these  latter  -t  reach  back  to  the  Miocene  and  Pliocene  and  a 
single  species,  Mxrci-  verheeH  Mart.,  is  known  onh'  in  the  Pliocene. 
Of  the  deposit  at  Zamboanga  nothing  definite  can  be  said  as  yet  on 
the  strength  of  the  solitary  fossil  Murex  capucinm  Lam. 

To  the  age  determinations  of  Philippine  fossils  it  is  proper  to  add 
that  their  state  of  preservation  resembles  that  of  the  Javanese  fossils 
to  a  verv  remarkable  extent — to  such  a  degree,  indeed,  that  the  speci- 
mens from  the  two  regions  might  easily  be  confounded.  The  same 
statement  is  true  of  the  tutfs  and  marls  in  which  the}'  were  embedded, 
and  this  accords  with  the  fact  that  the  younger  massive  rocks  of  the 
Philippines  show  an  extraordinary  likeness  to  those  of  the  East  Indian 
Archipelago.' 

Collecting  the  results  of  the  investigations  thus  far  made,  we  get  the 
following  general  scheme  for  the  fossil-bearing  strata  of  the  Philip- 
pines: 

1.  Eocene. 

To  this  formation  belong  the  numnuditic  limestones  from  the  neigh- 
borhood of  Manila  (Luzon)  and  of  Cebii.  The  same  formation  is 
perhaps  developed  at  Zamboanga  (Mindanao). 

ii.  Upper  Miocene. 

{(i)  Tutis  and  sandv  marls  which  are  equivalent  to  the  upper  Mio- 
cene of  Java  exist  in  the  neighborhood  of  Minanga,  in  the  valley  of 
the  Rio  Gninde  de  Cagayan  (Luzon).  Deposits  of  the  same  age  are  to 
be  found  also  on  the  stream  Dicanuii,  the  position  of  which  could  not 
be  ascertained,  and  finally  at  the  coal  mines  of  Alpaco  (Cebi'i). 

Q>)  Tuffaceous,  foraminiferal  marls  fi'om  the  western  slope  of  the 
Sierra  Zambales  (Luzon),  which  are  younger  than  the  beds  enumerated 
under  <i,  and  which  possibly  belong  in  the  Pliocene.  Perhaps  e(iuiv- 
alent  to  these  are  the  masses  of  tuff  which  form  the  range  of  hills  on 
the  coast  at  Aringay  (Luzon)  and  which  certainly  belong  to  the  upper 
Tertiary. 

»  Roth.  I'ebor  d.  Koolog.  Besch.  d.  PhilipiiiiU'ii,  p.  338.    Oebbekc,  Beitriigc.  p.  453. 
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3.  Pliocene. 

The  beds  of  the  Agusan  River  (Mindanao)  are  Pliocene.  It  is  prob- 
able that  as  such  are  also  to  be  counted  the  hard,  light-gray  marls  of 
the  river  Sake  y  Maputi  (Mindanao)  and  the  clay  beds  of  Paranas 
(Sfiniar),  as  well  as  the  older  coral  reefs  of  the  Philippines,  especially 
those  of  Benguet,'  which  are  assuredly  not  older  than  the  Pliocene. 

4.  Quaternary. 

Quaternary  are  the  shell  banks  which  stand  15  feet  above  the  level  of 
Laguna  de  Bay  (Luzon),  and  those  on  the  beach  at  Paranas,  and  again 
on  the  south  coast  of  Sanuir,  where,  at  Nipa-Nipa,  these  beds  reach 
an  elevation  of  tlO  feet  above  sea  level.  Here,  too,  belong  the  fossil 
coral  reefs,  which  are  intimately  connected  with  the  living  reefs  and 
are  wideh'  distributed  in  the  I'hilippines."  With  them  belong  the 
recent  limestones  of  Cebu. 

VicARYA  CALLOSA  Jenk.,  var.  nov.  semperi. 
Vicarya  (?)  oallosa  Jenk.    Javaii  fossils  :  Quart.  Jour.  (Jeol.  Soc.  1864,  Vol.  XX,  j).  57, 
PL  VII,  fig.  5.     Martin,  Tertiiirschieht.  auf  Java,  p.  62,  PI.  XI,  fig.  3. 

The  turrcted  shell  consists  of  flattened  whorls,  which  are  separated 
from  one  another  by  a  distiiu-t  but  not  incised  suture,  and  carry  a 
number  of  sharph^  defined  spiral  headings.  Even 
on  the  older  part  of  the  shell  Hve  such  headings  are 
visible,  the  last  of  which  runs  innnediatelv  in  front  of 
the  after  suture  of  the  whorl,  and  is  nmch  stronger 
than  the  two  headings  which  lie  innnediately  in  front 
of  it.  Then  follows  a  strong  ridge,  again  succeeded 
b}^  a  very  slender  one  on  the  anterior  edge.  On  the 
younger  parts  of  the  shell  sharp  knots  are  situated 
on  the  last  spiral  of  the  whorls.  They  number  eight 
to  nine,  and  with  the  growth  of  the  shell  become 
modilied  into  short,  sharp  prongs  which  stand  at 
right  angles  to  the  axis  of  the  shell.  In  front  of 
this  row  of  prongs,  which  accompanies  the  suture, 
only  three  spiral  headings  are  observable,  of  which 
the  first  two  are  the  strongest,  while  the  fifth  spiral 
from  Minanga.  beading  of  the  older  turns  is  covered  by  the  suc- 
ceeding Avhorl.  The  incremental  lines  are  smoothly  but  deeply  bent 
into  the  shape  of  an  S,  in  such  a  way  that  the  deepest  incurvation, 
corresponding  to  the  incision  of  the  exterior  lip,  lies  between  the  two 
strong  spiral  headings  on  the  frontal  termination  of  the  whorls. 

The  terminal  whorl  carries  in  front  of  the  sutxire  several  more  spiral 
headings  of  variable  strength.     The  canal  is  short  and  bent  backward, 

>  Compare  Semper,  Zeitschr.  fur  allg.  Erdkunde,  1862,  p.  84 ;  and  Philippinen,  p.  18 ;  al.so  von 
Dra?che,  Fragmente,  p.  31. 
-  For  distribution  see  Semper,  Philippinen,  p.  18. 
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the  pillar  is  provided  with  a  distinct  fold,  the  interior  lips  being  swollen 
and  thickened  in  such  a  way  that  the  thickening  on  the  left  forms  a 
half-nioon-shaped  swelling  which  rests  on  the  terminal  whorl  and  is 
prolonged  as  a  tongue  to  the  right.  The  exterior  lip  is  not  preserved, 
but,  judging  from  the  incremental  lines,  it  has  the  same  shape  as  in 
V.  Vcrneuill  cV A.i'ch.  The  length  of  the  largest  complete  individual  i.^ 
74  mm.,  and  this  size,  to  judge  from  the  material  at  hand,  is  rarely 
or  never  exceeded. 

A  slight  \aiiation  from  the  foregoing  usual  development  is  brought 
about  by  the  interpolation  of  a  line  additional  l)eading  between  the  two 
spirals  which  include  between  them  the  incision  of  the  outer  lip.  In 
other  cases  these  spirals  are  inconspicuous  at  this  point,  while  between 
the  horns  two  longitudinal  headings  are  developed. 

V.  callona  Jenk.  from  Java  is  never  provided  with  such  prominent 
headings  as  is  the  fossil  here  described,  and  only  in  very  isolated  cases 
is  the  sculpture  of  the  latter  feebly  indicated  on  the 
former,  so  that  the  spiral  sculpture  of  the  Philippine 
fossil  affords  a  good  distinction.  The  Javanese  form  is 
also  larger  and  stouter,  and  its  prongs  have  a  different 
character,  while  the  callosity  of  the  inner  lip  reaches 
farther  back  and  here,  as  a  rule,  envelops  a  prong  of  the 
previous  whorl.  Nevertheless,  the  relationship  of  the 
fossil  under  discussion  to  the  Javanese  V.  eallosa  Jenk. 
is  so  close  that  I  can  regard  it  only  as  a  local  variety  of 
the  latter. 

From  V.  Vernerdll  A^ \\xh.  (Descript.  d.  anim.  foss.  dc  ^^^  loi-vka- 
I'Inde,  p.  298,  PI.  XXVIII,  fig.  4)  it  is  easy  to  distin-  nja  caiiom  from 
guish  the  Philippine  form,  as  well  as  that  from  Java;  for  i^'*^"^-""*  b^"'"'- 
the  species  from  British  India,  in  addition  to  the  principal  row  of 
knobs,  bears  spirals  provided  with  delicate  granules.  Moreover, 
knobs  along  the  suture  of  the  younger  portion  of  the  shell  are  not 
transformed  into  prongs,  as  in  the  Javanese  fossils,  and  still  more  in 
those  from  the  Philippines ;  and  finally,  the  callosity  of  the  inner  lip 
is  difi'erentl}'  shaped. 

No  other  representatives  of  Vicarya  are  3'et  known,  for  the  fossil 
which  Hislop  described  as  V.  fiisiformis  Hislop  (Foss.  shells  of  Nag- 
pur,  Quart.  Jour.  Geol.  Soc,  Vol.  XVI,  p.  177,  PI.  VIII,  tig.  8()) 
certainly  can  not  be  grouped  with  the  species  mentioned. 

I  have  before  me  fourteen  individuals  and  fragments  of  the  Philip- 
pine variety  of  V.  callom  Jenk.,  which  I  wish  to  call  var.  SeiDpm'. 

Fig.  1  comes  from  Minanga,  from  theright  bank  of  the  C'atalangan. 

Fig.  2  comes  from  the  brook  Dicamui  in  Luzon.' 

Finished  Octol)er,  '95. 


'  These  figures  hiive  been  rediiceil  to  three-fourths  i  he  size  of  the  origiuiil,  to  fiicilitate  copying.— O.  F. '. 
21  CKOL.   IT  3— 01 42 


I  N  I)  E  X . 


A. 


Abella,  E.,  cited  on  atoll  of  Trinid(id,IM.  562 

cited  on  coal  in  Philippine  Islands. . .  571 

cited  on  copper  in  Panay,  P.  1 590 

cited  on  depression  of  Caroline  Is- 
lands    564 

cited  on  earth  movements  near  Pueblo 

de  Bai,  P.  I 563 

cited  on  ejections  from  May6n  Vol- 
cano, P.  1 532 

cited  on  Eocene  in  CebiS,  P.I 552 

cited  on  extension  of  Sierra  Zambales, 

P.  I 546 

cited  on  lead  depo.sits  of  CebiS,  P.  I...  5'.)1 
cited  on  origin  of  tuff  in  Philippine 

Islands 524 

cited  on  rocks  of  Caraballo  Central, 

P.  I 502 

cited  on  rocks  of  Cebil,  P.  I 505, 50»; 

cited  on  rocks  of  cordillera  of  Baler 

and  La  Infanta,  P.  1 503 

cited  on  rocks  of  Misamis,  P.  I 5<)s 

cited   on   rocks  of   northern   Luz6n, 

P.  I 501 

cited  on  rocks  of  Panay,  P.  I 504,512,557 

cited     on    sanidine- trachyte     from 

O'Donnell,  P.  I 517 

cited  on  section  at  Compostela,  P.  I..  551 

cited  on  solfataras  near  Mallnao,  P.  I.  533 

cited  on  solfataras  of  Biliran,  P.  I 531 

cited  on  trachyte  from  I'anay,  P.  I...  518 
cited  on  volcanic  system  of  Philip- 
pines    545 

(Hiotcd  on  marls  of  Cebv^,  P.  1 553 

reference  to 499, 

521, 522, 523, 531, 555, 564, 573, 580,  ,581,  .582 

work  of 494, 498, 510 

Abra  River,  P.  I.,  rocks  on 500,501 

Aga.Msiz.  A.,  cited  on  coral  reefs .5()2 

Agbao.  P.  I.,  copper  at 587 

Agno  beds,  discussion  of .^58 

occtirrence  of 501, 502 

Agno  River,  P.  I.,  rocks  on .501 

Agt'isan  River,  P.  I.,  fossils  from 619 

Albay,  P.  I.,  coal  in ,571 

(.Sfr  Mny6n.) 

Alexander,  Ark.,  bauxite  near -im 

Algonkian,  definition  of i 317 

Algonkian  rocks  of  northern  Black  Hills, 
lithologic    and     topographic 

character  of isl 

warping  of  surface  of 178-179 

Algonkian   schist   in   Black   Hills,  topo- 
graphy formed  from 175-176 


Page. 

Alkali  Creek,  S.  Dak.,  dikes  on 1S4 

Almonte,  E.  d',  cited  on  height  of  May6n 

Volcano,  P.  I 532 

reference  to .530 

work  of 494 

Alterations  of  rocks  of  iron-bearing  for- 
mations of  Lake  Superior 320-322 

Amlimay,  P.  I.,  rocks  near .301 

Analyses,  andesites 516 

basalt 06, 77.  .511 

bauxite 470 

coal 570, 574, 575 

copper  ore 586 

diabase  tuff .500 

gabbro 500 

hypersthene-basalt  (h  y  p e r s  t  h  e  n  e- 

diabase) SI 

keratophyre SI 

olivine-hypersthene-basalt     (olivine- 

hypersthene-diabase) 81 

olivine-basalt  (olivine-diabase) 81 

quartz-ba.salt  (quartz-diaba.se) 81 

tachylite-basalt  (basic  pitchstone) 81 

Andesite,  analyses  of 516 

of  Philippine  Islands.  515-516, 518-519, 522,. 523 
Andesite-porphyry,  character  and  locali- 

tiesof 182 

.Vndreae,  A.,  and   O.sann,  A.,  cited   on 

basalts  of  New  Jersey SO 

Anterior  shale  in  Pomperaug  Valley. 
Conn.,  character  and  occur- 
rence of  4M5 

Antimonan,  P.  I.,  coal  near .570 

rocks  near 503 

.\po.  Mount,  P.  I.,  description  of ,527 

Aragon    mine,  Mich.,  sections  of,  plate 

showing 394 

structure  of 3;)2-395 

Araucarioxylon  virginianum  Knowlton, 

description  of 161-162 

Arftyat.  Mount,  P.  I.,  description  of .539 

hornblende-andesite  from 515 

trachyte  near 517 

Archean,  definition  of 317 

.\rchean  rocks  of  Mcsabi  di.strict,  Minn  . .  ;i51 

Argentiferous  lead  in  Philippine  Islands.  590-591 

Aringay,  P.  I.,  fossils  from 619 

Arkansas  bauxite  deposits,  amount  of —  468-170 

detailed  description  of 44r)-461 

development  of 466-468 

location  of 442-443 

origin  of 461^66 

quality  of 470-171 

report  on 436-J72 

627 


628 


Paee. 

Arkansas  bauxite  region,  location  of 442-4J3 

geologic  and  physiographic  relations 

of 443-146 

map  of 441 

Arkosc-conglomorate  of  Pomperaug  Val- 
ley. Conn.,  contact  effects  in.      fi:W>4 

contact  with  anterior  basalt 49-51 

in  basalt  flow,  figure  showing  frag- 
ments of .iO 

petrography  of 60 

occurrence  ancl  character  of 40-43 

plate  showing 62 

thin  section  of 62 

Ashburner,  W.,  cited  on  gold-quartz  vein 

of  Panaon,  P.  1 507 

cited  on  rocks  near  Surigao,  P.  1 507 

exploration  by 5.S2-583 

reference  to .580 

Ashland  mine,  Mich.,  dikes  near 344 

section  of,  plate  showing 342 

As,«it,  P.  I.,  copper  near 589-590 

Atlantosaunis  beds,  lithologic  and  topo- 
graphic character  of  and  fos- 
sils found  in 

Atolls  in  Philippine  Islands 

Aurora  mine,  Mich.,  dikes  at 

Aztec,  S.  Dak.,  rhyolite  cutting  porphyry 
near,  description  of  and  figure 
showing 


180 
561-562 


Baler,  P.  I.,  rocks  of  cordillera  of 

Bac61od,  P.  I.,  rocks  near 

Bald  Mountain,  S.  Dak.,  breccia  near 

dike  and  sill  near,  junction  of,  plate 
showing 

sills  and  dikes  on 

Bagdad,  P.  I.,  rocks  near 

Banftjao  Volcano,  P.  I.,  description  of 

Banon,  France,  faults  near 

Baranda,  S.  de,  cited  on  gold  in  Sibuyan, 
P.I 

cited  on  serpentine  of  Mindanao,  P.  I. 

reference  to 

work  of 

Basalt,  analyses  of 66 

arkose  conglomerate  in,  figure  show- 


ing 


composition  of,  composite  diagrams 

showing 79 

magnetite  in,  figure  showing 65 

of  Philippine  Islands ,511-512,518-519,522 

of  Poraperaug  Valley,  Conn.,  composi- 
tion of,  diagrams  showing 66, 75 

contact  with  shale 51-.53 

contact  with  South  Britain  con- 
glomerate        49-51 

degradational  action  of  ice  on 1.58-1-59 

origin  of 56-58 

petrography  of 64-69, 72-76 

relation  to  that  of  other  areas  of 

Newark  system 76-82 

thin  section  of.  from  Pomperaug  Val- 
ley, Conn 68 


Page. 
Basalt  ridges  of  Pomperaug  Valley,  Conn., 

sketch  of 33 

Basalt  sheet  of  Pomperaug  Valley,  Conn., 
areal    development   of,    map 

.showing 43 

character  and  extent  of 43-44. 4.')— 47 

upper  surface  of.  plate  showing 68 

Basey  River,  P.  I.,  rocks  near 504 

Bates  Rock,  Conn.,  altitude  of 137 

basalt  near 47 

Bato,  P.  I.,  coal  at 570 

Bauxite,  analysis  of 470 

composition  of 4.52-4.=;3 

in  Arkansas,  amount  of 468-170 

mining,  method  of,  plate  showing . . .         472 

mining  and  preparation  of 471-472 

occurrence  of,  manner  of 449-452, 4,56-461 

outcrops  of,  plate  showing 448 

Bauxite  deposits,  amount  of 468-470 

development  of ■. 466-468 

distribution  of 441-442 

economic  relations  of 466-472 

of  A  rkansas,  report  on 435-472 

origin  of 461-466 

quality  of 470-171 

Bauxite  districts  of  Arkansas,  map  of 441 

Bayley,  W.  S.,  acknowledgments  to 313 

work  of 318, 401 

Bear  Butte,  S.  Dak.,  deformation,  orogenic, 

near 224 

description  of 221-223, 22.5-226 

profile  sections  of 222 

plates  showing 224, 230 

map,  geologic,  of  Circus  Flats  and 228 

Bear  Butte  Canyon,  S.  Dak.,  limestone  in, 

thickness  of 179 

■sill  in,  description  of 209 

figure  showing 208 

Bear  Butte  Creek,  S.  Dak.,  Cambrian  at, 

thickness  of 179 

character  of  valley  of 175 

Bear  Den  Mountain,  erosion  and  drain- 
age of 27.5-276 

Bearden,  Ark.,  bauxite  near 460-461 

Beardstown ,  Tenn. ,  phosphate  near 484 

Bearlodge  complex,  intrusions  of 251-266 

Bearlodge  Range,  Wyo.,  intrusions  in 245 

northwest  slope  of,  description  of 255-256 

Beaver  Creek,  S.  Dak.,  limestone  in,  thick- 
ness of 178 

Bebb,  E.  C,  work  of 3.52 

Becker,  G.  F. ,  cited  on  rupture  of  rocks. . .  125 

report  on  the  geology  of  the  Philippine 

Islands 487-625 

Benguet,  P.  I.,  atoll  in 562 

Benton  shale,  lithologic  and  topographic 
character  of,  and  fossils  found 

in ISO 

Berghaus,  H.,  reference  to .528 

Berwerth,  F.,  analysis  by -500 

Bibliography  of  N'ewark  rocks  of  Pom- 
peraug Valley,  Conn 39 

Biliran,  P.  I.,area  of 497 

solfataras  on 530-531 

Binangonan.P.  I.,trachyteon 617 


629 


Biwabik.  Minn.,  anticline  near 

362 

Biwabik   formation   character    and   ex 

tent  of 

3.T8 

361-370 

363-:«5 

369 

depth  of 

369-370 

mining,  ease  of 

370 

origin  of 

367-369 

rocks  associated  with 

36.5-367 

structural  relations  of 

361-363 

topographic  relations  of 

361 

Black  Buttes,  Wyo.,  plate  showing 

2-18 

247 

Black  Hills,  northern,  conglomerates  in.. 

192-194 

,228-231 

dikes,  sills,  and   laccoliths  in,  mar 

showing  distribution  of 

176 

drainage  and  topography  of 

174-177 

elevation  of,  relation  of  depth  of  ero 

sion  to 

278-279 

erosion  stages  in 

269-277 

188-191 

formations  in,  tabic  of 

180 

igneotis  bodies  in,  distribution  of  .... 

186-187 

intrusion  in,  history  of 

282-283 

mechanics  of 

187-191 

relation  to  greater  movement .... 

187-188 

intrusive  jiorphyries  of 

182-194 

{See.  also,  Porphyries.) 

laccoliths  of 

163-303 
19.5-266 

laccolithic  intru'^i ves  of 

li tcra  ture  of 

19.5-199 

man  of 

174 

relative  age  of 

183-186 

topography  of 

194 

sills  in 20.V212. 231-236 

227-228 

strata  in,  variations  in  thickness  of .. 

178-179 

.stratigraphy  of 

177-182 

structure  of,  general 

174 

plate  showing 

200 

Blake.  W.  P.,  cited  on  bauxite  in   New 

Mexico 

in 

Blocks,  orographic.     (See  Orographi( 

blocks.) 

.>18 

Bohol,  v.  I.,  area  of 

■197 

Islands  near,  area  of 

497 

Boinbi'm,  Uikc,  P.  I.,  description  of 

,537-539 

Bontoc,  P.  1.,  rhyolite  of 

.518 

Borneo,  folding  in 

.5.56 

rocks  of 509-510  54"-'>l><  -'vin 

Bostonilc,  analysis  of 

81 

Boulder  Park,  S.  Dak.  deformation,  oro- 

224 

Bourns,  F.  S.,  cited  on  former  extent  o 

Philippine  lsland.H 

.566 

reference  to 

195 

I'lige. 

Bouton,  — ,  cited  on  rui)turc  of  mcks 126 

Boutwell,  .1.  M.,  aid  by 171 

Bowlder   trains   in    Pomperaug   Valley. 

Conn 1 59-160 

Branner.  ,1.  C,  cited  on  bauxite  in   .\r- 

kansas 411 

Breccia  in  northern  Black  Hills,  contact 
of  Cambrian  sandstone  and 
porphyry,  description  of  and 

figure  showing Is9, 190 

Brecciation    and    faulting    in    northern 

Black  Hills lsS-191 

Brogger,  W.  C,  cited  on  drainage  lines  in 
Langesund-Skiendistrict,Xor- 

way 147-148 

cited  on  faults  of  Lange.sund-Skein 

region  of  Norway 133 

cited  on  structures  of  the  Christiania 

fiord,  Norway 136 

quoted     on     faults    of     Langesund- 

Skien  region 135 

Brown,    K.   F.,   cited  on  phosphorus   at 

Pewabik  mine,  Mich 3.32 

Brown,  W.  G.,  and  Campbell.  H.  D.,  cited 

on  basalt  of  Virginia SO 

Browne,  T.,  information  furnished  by  . . .  .579 

Brownsville,  contact  of  Cambrian  sand- 
stone and  porphyry  breccia 
near,  description  of  and  figure 

showing 1,S9,190 

Bryant,  Ark.,  bauxite  near 460 

Bryant  district.  Ark.,  bauxite  in 449-4.54 

bauxite  in,  plate  showing  outcrops  of.         448 

erosion  in 446 

igneous  rocks  of 446—147 

kaolinized  syenite,  or  chimney  rock 

in 447-148 

map  of 446 

Tertiary  and  later  formations  in 448-149 

Buckley, -E.  R.,  cited  on  joint  strikes  in 

Wisconsin  147 

Bulal&cao,  P.  I.,  coal  at 571 

Bulusdn  Volcano,  P.  I.,  description  of  ...         ,531 

Bnmucun,  P.  I.,  copper  at ,586-587 

Bunsen,—,  reference  to 519 

Buriius,  P.  I.,  area  of 497 

Busuanga,  P.  I.,  area  of 496 

Bysmaliths,  discussion  of 289 

C. 

CabagAn,  P.  I.,  fossils  found  near 559 

CagayAn  ,IolA,  P.  I.,  crater-like  depres- 
sions on ,530 

f^agayAn  River,  P.  I.,  gold  on .5sl, .5s2 

Calamianes,  P.  I.,  area  of "96 

Calbajan,  P.  I.,  rocks  near .504 

Camnguin  de  Mindanao,  P.  I  ,  rock  of  ...  ,513 

Camaguln  Volcano,  P.  I.,  description  of  .  .528-529 

Caniarln  Santa  Claro,  P.  I.,  rocks  near  ...  .501 

Camarines  Norte,  P.  I  .  galena  In .590 

gold  in 578-O80 

Camarines  Sur,  P.  I,  coal  in .570 

Cambrian  rocks  of  Black  Hills,  dikes  in. .  208 

Uthologic  and  topognipliic  character 

of.  and  fossils  found  in 181 

topography  formed  from 176 


630 


»ago.     I 
Cambrian  sandstone,  contact  of  iDorphyry 
breccia    and,   description    of 

and  figure  showing 189, 190 

Campbell,  H.  D.,  and  Brown,  W.  G..  cited 

on  basalt  of  Virginia SO 

Canada,  iron-ore  deposits  of  Lake  Supe- 
rior region  of •109—112 

Canan,  P.  I.,  rocks  near 499 

Canfield,  H.  M..  aid  by 38 

reference  to 44,.56 

Caiila6n,  labradorite-basalt  from  near  ...         512 
Canla6n  Volcano,  P.  I.,  description  of . . .         529 

Capul,  P.  I.,  area  of 496 

Caraballo  Central,  P.  I.,  rocks  of 500-501,502 

CaraV)alloSur,  P.  I.,  rocksof 500-501 

Carboniferous  rocks  of  northern  Black 
flills,  lithologic  and  topo- 
graphic character  and  fossils 

found  in 181 

topograpliy  formed  by 176-177 

Carpenter,  F.  R.,  cited  on  laccoliths  of 

Black  Hills 

Carriso  Mountains,  section  of,  figure  show 

ing 

Ca.stle  Rock,  Conn.,  sketch  map  of 

Cataingan.  P.  I.,  coal  at 

Catalangan  River,  P.  I.,  fossils  from , 

Catnnduanes,  P.  I.,  area  of 

islands  near,  area  of 

Catoclin  belt,  faults  in 

Newark  system  in,  deposition  of 

(^ebiV  P.  I.,  area  of 

COB 1  in 

fossil  from 

gold  in  

islands  near,  area  of 

lead  deposits  in 

marls  of 

rooks  of 

ageof 

Cement  Ridge,  Wyo.,  rocks,  topography 

and  structure  of 246 

Cement  Ridge  complex,  area  included  in.         245 

laccolithic  intrusives  in 246-250 

Centeno,  J,,  analyses  by 535 

cited  on  coal  in  Sorsogon,  P.  I 

cited  on  copper  deposits  of  Tayabas, 

P.I 

cited  on  copper  mining  in  Lepanto, 

P.I 

cited  on  eruption  of  Camaguln  Vol- 
cano, P.  I 

cited  on  gold  in  Rapurapu,  P.  I 

cited  on  gold  near  Labo,  P.  I 

cited  on  lead  deposits  at  Tinga,  P.  I . . 
cited  on  Little  Binintiang  Volcano, 


197 


197 


497 
572-575 


497 


505-507 
552-555 


571 


584 


528 


cited  on  rocks  of  Misamis.  P.  1 507 

cited  on  volcanic  belts  in  islands  of 

the  Pacific .542 

cited  on  volcanic  system  of  Philip- 
pines             545 

cited  on  volcano  of  Macaturin,  P.  I..         528 
' luoted  on  fossil  shells  of  Lu26n,  P.  I. .  •5.59-.560 

reference  to 494, 500, 569, 581,  .591 

Chamisso  A.  von,  reference  to 534 


Page. 
Chandler  mine,  Minn.,  sections  of,  plate 

showing 406 

Channing,  J.  P.,  aid  by 313 

Chatham,  Va.,  basalts  from,  analyses  of . .  81 

Checkerboard  topography  in  Pomperaug 

Basin,  Conn 150-151 

Chimney  rock  in  Bryant  district,  .\rk 147-448 

Circus  Flats.  S.  Dak.,  drainage  of 223 

erosion  and  drainage  of 270 

erosion  of,  diagram  illustrating 277 

map.  geologic,  of  Bear  Butte  and 228 

view  of  plate  showing 232 

Citadel  Rock.  S.  Dak.,  altitude  of 242 

drainage  and  erosion  of 272-274 

erosion  of.  diagram  illustrating 277 

rocks  and  structure  of 244 

view  of,  figure  showing 243 

Clements,  ,1.  M.,  acknowledgments  to —         313 

work  of 318,401 

Coal,  analyses  of 570,  .574,  .575 

difTcrencc  between  lignite  and 569 

in  Philippine  Islands .569-576 

Colasi,  P.  I.,  rocks  near .505 

Conglomerate  of  Pomperaug  Valley, 
Conn.,  contact  with  anterior 

basalt 49-51 

occurrence  and  character  of 10-43 

petrography  of 60-64 

thin  section  of 62 

Conglomerates,    pseudo-,     of     northern 

Black  Hills 192-194 

Connecticut  Valley,  basalt  from,  anaylsis 

of 77 

faults  in  Newark  area  in 25 

Newark  system  in,  depositirin  of 29-30 

thickness  of 27 

Consolaci6n,  P.  I.,  rocks  near .506 

Consuran  River,  P.  I.,  gold  on 582 

Cooper,   T.,    cited    on    floetz   trap    from 

Woodbviry,  Conn 32 

Copper  in  Philippine  Islands .584-590 

Copper  ore,  analyses  of 586 

Coral  limestone  in  Philippine  Islands 560-561 

Coral  reefs  in  Philippine  Islands 564-565 

Cordillera  Central,  P.  I.,  rocksof  ....  500-501,. 502 
Coronas,  J.,  cited  on  eruptions  of  .May6n 

Volcano.  P  I 532 

Corregidor,  P.  I.,  dacite  of 516-517 

Crane,  — ,  reference  to 56 

Cretaceous  plain  of  erosion  in  Pomperaug 

Valley,  Conn 137-138 

Cretaceous  rocksof  Black  Hills,  northern, 
lithologic  and  topographic 
character  and  fossils  found  in.         180 

of  Mesabi  district,  Minn 360 

Crook   Mountain,   S.   Dak.,  erosion    and 

drainage  of 271-272 

Crook  Mountain  laccolith,  description  of.  218,225 
Crosby,  \V.  O  ,  cited  on  derivation  of  brec- 

cia.s in  northern  Black  Hills..         192 

cited  on  laccoliths  of  Black  Hills 197 

cited  on  origin  of  joints 125 

Cross,  W.,  cited  on  laccoliths 182,286 

Crow  Peak,  S.  Dak  ,  erosion  of 275 

erosion  of.  diagram  illu...trating 277 

plate  showing , 226 


(581 


Page. 

Crow  Peak.S.  Dnk.,  rocks  and  stnumro  of.  2^2-24:! 
Crystal  Falls  district,  Mich.,  exploration 

in.rulesfor 4:i\-V.i> 

folding  in 417 

formations  in,  succession  of SNi 

Grovdand  formation  in :j.s.>-3s7 

iron-ljcariiig  formations  of 113 

ores  of,  character  of 3M 

production  of; ^J^^J 

Crystalline  rocks  of  Pomperang  Valley, 
Conn.,    relations   to   Newark 

system 17—19 

Crystallineschistsand  older  massive  rocks 

of  Philippine  Islands ■I<»7-.")10 

Culi^n,  P.  I.,  area  of 4% 

rocks  near 004 

Cuming,  H.,  reference  to .'>.i9 

Custer  Peak,  S.  Dak.,  erosion  of 274 

erosion  of,  diagram  illustrating 277 

rocks  and  structure  of 238 

view  of,  figure  showing 273 

Cutman  River,  P,  I.,  gold  on 581,. i82 

Cuyos  Islands,  P.  I.,  area  of 496 

I). 

Dacite  of  Black  Hills 182 

of  Philippine  Islands 516-.il7 

Dagami,  P.  I.,  solfatara  at 530 

Daluripi,  P.  I.,  area  of 196 

Daly.  R.  X.,  cited  on  calcite  concretions  .  173 
Dakota  sandstone,   lithologic  and  topo- 
graphic chai-aeter  of,  and  fos- 
sils found  in l.SO 

Dana,. I.  I).,  cited  on  basalts  of  Connec- 
ticut Valley 80 

cited  on  copper  at  Lubang,  P.  I .590 

cited  on  Newark  basalts 76 

cited  on  rocks  of  Lubang,  P.  I -504 

cited  on  rocks  of  Luz6n,  P.  1 498 

<itcd  on  rocks  of  Mindanao,  P.  I -508 

cited  on  volcanic  belts  in  islands  of 

the  Pacific 542 

reference  to .564 

Darlon.  N.  H.,  acknowledgments  to 186 

Darwin,  C,  cited  on  fossil  shells  in  Philip- 
pine Islands 559 

Data.  Mount,  P.  I.,  copper  near 584-589 

description  of 540 

Danbree,  H.,  cited  on  distinction  between 

joints  and  faults 125 

cited  on  orientation  of  water  courses.  1 16 
Davis,  \V.  M.,  cited  <m  Cretaceous  plain  of 

erosion  in  New  England 137, 1.55 

quoted  on  deposition  ot  Newark 29-30 

cited  on  faults  in  Connecticut  Valley 

area  of  Newark  system 25, 26 

cited  on  Newark  in  Connecticut  Val- 
ley   48 

cited  on  origin  of  faults  of  Connecti- 
cut Valley 122 

cited  on  .structureof  Pine  Hill,  Conn.  86 
cited  on  thickness  of  Newark  system 

in  Connecticut  Valley 27 

reference  to 122 

work  of 20, 34-38 


Deadmau   laocolilh,  :?.  Dak.,  description 

of 218-219, 225 

plate  showing 220 

Deadwood,  S.  Dak.,  Cambrian  at,  thick- 
ness of 179 

dike  near,  plate  showing 202 

dikes  in  schist  near 200 

faulting  near,  description  of  and  tig- 

ure  showing 2(i0-202 

intrusi ves  east  of,  map  of 182 

Deadwood  Creek,  S.  Dak.,  stock  in 227 

Deadwood  district,  S.   Dak.,   laccolithic 

intrusivesof 199 

Deer  Mountain  laccolith,  S.  Dak.,  descrip- 
tion of 23(^237 

Deformation  due  to  intrusion 223-224 

of  Newark  system 24-25 

of  Pomperaug  Valley,  Conn 83-136 

orogenic,  in  Black  Hills 224-225 

Degradation  in  Pomperaug  Valley,  Conn.  137-160 

Delamarche,  — ,  reference  to .534 

Denudation,  influence  of,  on  ore  deposi- 
tion   330 

Deposition  of  Newark  system  in  Pomper- 
ang Valley,  Conn 40-.59 

Depression  of  a  crustal  block,  conditions 

attendant  upon 129-133 

Devonian  rocks  of  Malay  Archipelago 547-548 

Diabantite  in  basalt,  figure  showing 74 

Diabase  tuff,  analysis  of,  from  San  Mateo 

River.  P.I .500 

Dicamui  Brook,  P.  I.,  fo.s-sils  from 619 

Didica  Volcano,  P.  I.,  description  of 540 

Dike  curving  into  sill,  figure  showing 204 

definition  of 172 

Dikes,  columnar  structure  in 229-231 

in  Penokee-Gogebic  district 342-345 

in  schist,  description  of  and    figure 

showing 200-205 

in  Terry  district,  S.  Dak 22.S-231 

plates  showing 202, 234, 236 

sills,  laccoliths  and,  in    Black  Hills, 

map  of 176 

transition  from,  to  sills 202-204 

Diorite,  character  and  localities  of 182 

Dip.  changes  in,  as  evidence  of  faults ,S6-87 

Dome  flexure,  upward  absorption  of 268-269 

Dome  Mountain,  s^.  Dak.,  laccolithic  in- 
trusions in  and  near 209-212 

section  of  shaft  in,  description  of  and 

figure  .showing 21 1  -212 

Domes,  erosion  i>rofiles  of,  diagram  show- 
ing    277 

Domes,  eroded,  cross  sections  of 302 

physiographic  form  of 267-279 

Drainage,  efTect  of  joints  on,  figure  show- 
ing           146 

of  Pomperaug  Valley,  relation  of  fault 

planes  to 139-146 

Drainage  system  of  Pomperaug  Valley, 

Conn 137-150 

Drasche,  R.  von.  cited  on  Aguo  beds  ....         658 

cited  on  atoll  of  Trinidad.  P.  1 562 

cited  on  copper  of  Mancayan.  P.  I 586 

cited  on  Mount  Ariiyat.  P.  1 .539 

cited  on  Mnmit  San  Tomas.  P.  1 .527 


632 


Drasfiie,  K.  von,  cited  on  origin  of  Luke 

Bomb6n,  P.  I 53k 

cited  on  rhyolites  of  Bontoc,  1'.  1 518 

cited  on  rocks  at  Galiimo,  T.  1 502 

cited  on  rocks  near  Antimonnn,  I'.l..  503 

cited  on  rocks  near  Aringay,  I'.  I G22 

cited  on  rock  near  Mount  Datii,  I'.  I..  540 
cited   on  rocks  near    I'aracale   and 

Mambnlao,  P.  1 503 

cited  on  rocks  of  Caraballo  Central, 

P.  I 501 

cited  on  rocks  of  Taal.  1'.  1 515 

cited  on  rocks  of  Sierra  Zanibaies.  P.  I.  -198 

cited  on  Sierra  Zambales,  P.  I 54G 

cited  on  stage  of  May6n  Volcano,  P.  I.  5:S2 
cited  on  volcanic  system  of   Philip- 

jiines 545 

cited  on  Tertiary  rocks  of  Philippine 

Islands 615,  (ilC 

<-ited  on  trachyte  tuff  from  Galiano, 

p.  I 517 

<luoted  on  gold  from  Mambulao,  P.  1.  578 
reference  to. . .  499, 503. 517, 521. 522,  .534, 5-59,  .569 

work  of 194, 498, 510 

Drift  in  Pomperaug  Basin 1.58 

Diimaguete.  P.  I.,  rocks  near .512-513,  .514 

Dnniiinin,  P.  I.,  volcanoes  on .530 

E. 

East  Hill,  Conn.,  columnar  structure  in 

ba-salt  on.  plate  showing 46 

western  boundary  of 91 

Eastman,  C.  R.,  aid  by .56 

Elevation    of    Black   Hills,    relation    to 

depth  of  erosion 278-279 

Elk  Creek,  S.  Dak.,  border  of  laccolith  on         215 
Elk  Creek  Canyon,  S.  Dak.,  Cambrian  at, 

thickness  of 179 

description  of 175 

limestone  in,  thickness  of 179 

Elkhorn  Peak,  S.  Dak.,  erosion  of.  dia- 
gram illustrating 277 

erosion  and  drainage  of 270-271 

Emerson.  B.  K.,  cited  on  deposition  f)l 

Newark  system 29 

cited  on  rocks  of  Newark  system 20. 23 

quoted  on  faults  in  Connecticut  Val- 
ley area  of  Newark  system...  25 
section  of  Newark  system  in  Massa- 
chusetts by 28 

work  of 20 

Emmons.  S.  K..  cited  on  plutonic  plugs  ..         287 

reference  to 171 

Eocene  rocks  of  northern  Black  Hills, 
lithologic  and  topographic 
character  and  fossils  found  In         180 

in  Philippine  Islands 550-5.52, 623 

Eroded  domes,  physiographic  form  of 207-279 

Erosion,  Cretaceous  plain  of.  in  Pomper- 

aug  Valley,  Conn 137-138 

experiments    illustrating    intrusion 

and 291-303 

ill  Black   Hills,  relation  of   present 

elevation  to  depth  of 278-279 

of  Inccolithic  domes,  maps  and  sec- 
tions showing 270 


Page. 
Krosion    history    of    Pomperaug    River, 

Conn 1.52-158 

stages  in,  plate  showing 1.54 

Erosion  profiles  of  laccolithic  domes,  dia- 
gram showing 277 

Erosion  stages  represented  in  Black  Hills.  269-277 

Espina,  L.,  aid  by 494 

cited  on  coal  in  Philippine  Islands...  .570, .571 
cited  on  gold  in  Catanduanes,  P.  I. . .  ,583 
cited  on  lead  deposits  in  Marinduque, 

P.  I .591 

information  furnished  by 577 

reference  to ,581,  .582. 591 

Everts,  Mount,  intruded  basalts  of,  de- 
scription of.  and  figure  show- 
ing    2.S5 

E.\periments  illustrating   intru.sion    and 

erosion 291-303 


False  Bottom  Creek,  S.  Dak.,  conduit  in. .         227 
Fantail  Gulch,  S.  Dak.,  phonolite  cutting 
rhyolite      between      Nevada 
Gulch  and,  description  of  and 

figure  showing 184 

Faulting  near  Deadwood,  S.  Dak.,  de- 
scription of  and  figure  show- 
ing    200-202 

Faulting   and    brecciation   in    northern 

Black  Hills 188-191 

Fault  rock,  local  development  of,  as  evi- 
dence of  faults 87-88 

plate  showing C8 

thin  section  of,  from  South  Britain, 

Conn 68 

Faults,  formation  of,  conditions  neces- 
sary to 12.5-129 

in  areas  of  Newark  system 24-27 

methods  of  determining 86 

of  Pomperaug  Valley,  Conn 98-104 

characteristics  of 93-98 

determination  of  principal  series.  101-103 
gradation  of,  into  prismatic  joints  114-115 

hade  of 94 

intervals  between 104 

lateral  displacement  of 96 

nature  of  evidence  for  existence 

of 8.5-93 

notation  of 100-101 

origin  of 121-133 

orographic    blocks,  relation    be- 
tween .shape  of  and  115-121 

relation  of  drainage  to  planes  of. .  139-146 

relation  of  springs  to 91-93 

strike  of,  measurement  of 99-100 

plate  showing  system  of 100 

throw  of 94-96 

tiltingof 97 

Faults  and  joints  in  schist.  Strawberry 
Creek,  S.  Dak.,  description  of 

and  figure  showing 202 

Fault  sy.stem  of  PomiiciMiiL;  ^':llll■^ ,  rcln- 
tion  betwri'ii  iiim  l.lork-  nnd 
shapeof.  diai.'i;iiii>li..\\iiit;  ...  116 

Fault  walls  of  Pomperaug  N'allcy.  Conn.  103-104 
Filipinos,  iron  process  used  by 592-593 


633 


Folding  in  Luke  Superior  reKio" ll(;-lis 

Fossil  wood  from  Newark  formation,  re- 
port on 161-li;2 

Fossils  of  Neward  sediments   of  Pompe- 

mug  Valley,  Conn bo-M\ 

Fonrehe  Mountain  district.  Ark.,  bauxite 

deposits  in 4.54-159 

erosion  in 4.>4 

Igneous  roeks  of ir>ry-Ar>f> 

map  of 4.M 

Frenzel,  .\.,  cited  on  luzonite  from  Man- 

Fuehs,  T.,  cited  on  fossils  of  Philippir 
Islands 


,=)S() 


Gabbro,     anal.vsis    of,     from     Zamliales 

Range,  P.I 

Galena,  .S,  Dak.,  intrusion  in  miniature 
near,  description  of,  and  fig- 
ures showing 190, 

sill  near,  description  of 

figures  showing 

Galiano,  I'.  I.,  rocks  at 

trach.vte  tiiflf  from 

Garden,  S.  Dak.,  breccia  near 

.sill  at 

Gaspar  ile   Sim    .\ugustiii.  cited  on  Taal 

Volcano.  P.  I 

Gatbo,  P.  I.,  coal  at 

Gates,  F.  T.,  aid  by 

Geinitz,  F.  E..  reference  to 

Gilbert,  G.  K.,  cited  on  domed  strata  — 
cited  on  efTect  of  load  on  laccoliths, 
cited  on  geology  of  Henry  Mountains. 

reference  to 

Glaeiation  of  Pomperaug  Basin,  Conn 

Gogebic-Penokcedistrict, Mi<h.  (Src Peii- 
okec-Gogebic.) 

Gold  in  the  Philippine  Islands 

Go(xlrich  and  Negaunee  formations,  ex- 
tent, iHwition,  thickne.ss,  and 

character  of 

ores  of,    concentration   of,  time  and 

depth  of 

development  of 

stnictural  relations  of 

topographic  relation.s  of 

Goroen,  P.  I.,  fos.sils  from 

Grant.  V.  S..  cited  on  metamorphi.sm 

cited  on  rocks  of  Mesabi  district 

Grant.  V.  S..  and  Winchell,  X.  H..  cited 
on  geology  of  Mesabi  range  . . 

Great  Britain,  iron-ore  production  of 

(Jriswold,  L.  S.,  cited  oi\  dike  in  Connec- 

tictit  Valley 

cited  on  geology  of  novaculite  region 

of  Arkansas 

Grorudite.  character  and  localities  of 

(irnveland  formation,  extent  and  charac- 
ter of 

Guadalupe  River,  P.  I.,  rock.s  near 

(iiiilleniajd,  K.  II.  H..  cited  on  craters  on 

Cagnyrtn  Jol6,  P.  I 

Gunflint  fonnation.  extent  nnd  charac- 
ter of  


.=i71 

3.il 

,548 

•i68 

284 

•287, 291 

1.51,197 

1.5.S-160 


380-:W2 
373-379 
379-:{80 
618,  (iPJ 
321 
3.5.5 


H.  Page. 

Harris,  G.  D..  cited  on  geology  of  Ar- 
kansas    448 

Hawes,  G.  W.,  cited  on  basalts  of  Connect- 
icut Valley 80 

cited  on  diabantite  from  Connecticut 

Valley 04 

H.iyilcn.  K.  V.,  cited  on  laccoliths  of  Black 

Hills 1S5 

Hayes,  r.  W..  .\rkan.sas  bauxite  deposits, 

report  on 13.5-172 

cited  on  bauxite  in  Georgia 441 

Tennessee  white  phosphate,  report  on .  473-485 
Heim,  A.,  cited  on  depths  at  which  cavi- 
ties would  close 131 

Hcrnnndiz,   A.,  cited  on   copper  in   Le- 

panto,  P.  1 584 

reference  to 494 

Hidalgo,  — .  reference  to .'1.55 

Hidden  Treasure  Gulch,  S.  Dak..  l)reccia 

in 189 

Hiil,  R.  T.,  cited  on  geology  of  Arkansas.         448 
cited  on  relation  of  springs  and  faults.  97 

reference  to 444 

Hillebrand,  W.  F..  analyses  by flfi,  75 

Hitchcock,    E.,   cited   on  fossil   wood   of 

Pomperaug  Valley 55 

cited  on  rocks  of  Pomperaug  Valley . .  32 

Hobbs,  \\.  H.,  report  on  Newark  system  of 

Pomperaug  Valley,  Conn 7-l(;2 

Hochstetter.  F.  von,  cited  on  geology  of 

Malayan  Archipelago 549 

work  of 493 

Hofmann,  E.,  reference  to .534 

Holmes,  W.  H.,  cited  on  absori^tion  of 
doming  vertically  in  lacco- 
liths    284 

cited  on  domed  strata 2()8 

Holmes,  Mount,  rocks  and  .structure  of. . .         289 

Ilomestake,  S.  Dak.,  dikes  near 229 

open   cut  at,   dike   curving  into  sill 

at,  figure  showing 204 

sills  in,  plate  showing 204 

surface  workings  at,  section  through.  229 
Horsburgh,  .T.,  cited  on  volcanoes  in  Phil- 
ippine Islands .540 

Horse  Hill,  Conn.,  intraformational  shale 
conglomerate  of,  petrography 

of m-M 

section  of  the  gnei.ss  ridge  of 49 

Hoskins,  L.  M.,  cited  on  depths  at  which 

cavities  would  close 131 

cited  on  fracture  of  rocks 12() 

llolchkis-sville,  Conn.,  orographic  blocks 

near,  plate  showing 110 

Hotchki.ssville  Valley,   Conn.,  inglenook 

of.  figure  showing 151 

Housatonic  River,  Conn.,  course  of 145 

Hovey,  E.  O..  cited  on  dikes  of  Connecti- 
cut Valley 81 

cited  on  well  at  Southbury,  Conn 58 

quoted    on   well-boring    near  Sotith- 

bury.  Conn 88 

Hovland,  H.  B.,  aid  by 352 

Howe,  E..  experiments  illustrating  intru- 
sion and  erosion 291-303 


634 


Pago. 

Howe,  E, .  work  of 17: ,  283 

Humboldt,  A.,  cited  on  rocks  of  Luz6n, 

P.  1 498 

Huronion.    (8ff  Lower  Huronian:  I'pper 

Hiironian.) 

Hypersthene-basalt,  analysis  of 81 

Hypersthene-diabase,  analysis  of 81 


Ice,  degradational  action  of,  on  ba.salt  of 

Pompcraug  Valley,  Conn 1.18-1.59 

Iddings,  ,T.  P.,  cited  on  basalt  of  Watehung 

Mountain,  N.J 80 

cited  on  domed  strata 'J(i8 

cited  on  rocks  and  structure  of  Mount 

Holmes i89 

Igneous  bodies  in  the  Black  Hills,  di.stri- 

bution  of 18tV187 

Igneous  rocks  a.s.sociHted  with    Xewark 

system -M 

of  Bryant  district,  Ark U' 

of  Fourche  Mountain  district.  Ark...  4.i.t-1.')('i 

Igorrotes,  copper-mining  industry  of .5S7-.TK9 

gold  mining  by 577-.i78 

Ilaroen  River,  P.  I.,  fos.sils  from 618-619 

Iloilo,  P.  I.,  gold  in 580 

Inglenooks  in  Pomperaug  Basin,  Conn. . .  152 

Intrusion,  deformation  due  to 223-224 

exiieriments  illustrating  erosion  and.  291-303 

in  Black  Hills,  hi.story  of 282-283 

mcchanicsof 187-194 

relation  to  greater  movements  . . .  187-188 
in  miniature,  figures  showing  and  de- 
scription of 190, 191-192 

Intrusion  machine,  cross  section  of,  figure 

showing 293 

description  of 292-294 

plate  showing 292 

Intrusive  porphyries.     (.See  Porphyries.) 
Intrusives  in  the  Mesabi  district,  Minn  ..         300 

Intrusives.  laccolithic,  literature  on 19.'>-199 

{See  Laccoliths.) 
Inyankara  Mountain.  Wyo.,  erosion  of . . .         274 

rocks  and  structure  of 249-2.% 

Iponan  River.  P.  I.,  gold  on ,=iKi 

rocks  near .i08 

Iriga  Volcano,  P.  I.,  description  of 533 

Iron  in  Philippine  Island .591-593 

Iron  carbonate  as  a  source  of  iron 327 

Iron  Creek,  S.  Dak.,  laccolithic  bodies  on.         246 

Iron  Mountain,  Mich.,  mines  near 396 

Iron-bearing  formations  of  Lake  Superior 

region 318-323 

horizons  of 322-323 

position  of  iron  ores  in 415 

rocks  of.  alteration  of 320-322 

Iron  ore  in  Lake  Superior  region,  quan- 
tity available 419-120 

production  of,  in  United  States  and 

Lake  Superior  region 314 

Iron-ore  deposits,  influence  of  denudation 

on 330 

infiuenee  of  topography  on 329-330 

I  >i  Lake  Superior  region 30.5-434 

character  of 363-365, 370, 384 


Page. 
Iron-ore  depositsof  Lake  Superior  region, 
concentration  of,  chemical 

process  of 

time  and  depth  of 

350-351, 369, 382-383, 400, 408 


Ah  of. 


devi 


, , 369 

lopmont  of 348-351, 

380-382, 396-100, 407 

exploration  in,  ri-les  for 421-134 

genesis  of 323-336, 418-119 

position  of,  in  iron-bearing  forma- 
tions          415 

rocks  associated  with 365-367 

relation  of  water  to 

secondary  character  of 

source  of 319-320 

structural  relations  of 324-325, 

361-363, 373-379, 391-395, 404^07 

topographic  relations  of 346-348, 

361 ,  379-380,  ,39.5-396, 407 
Ironwood    formation,    extent,    position, 

thickness,  and  character  of. .         .339 
ore  concentration  in,  time  and  depth 

of 3,50-3.51 

ores  of,  development  of 348-350 

structural  relations  of 339-341 

topographic  relations  of 346-348 

Irving,  J.  D.,  aid  by 171,245 

cited  on  dikes  in  Texana  district,  S. 

Dak     228 

cited  on  laccoliths  of  Black  Hills  ....         198 
cited  on  shale  beds  as  horizons  of  in- 


sion 


177 


families  of  porphyries  distinguished 

by 182-183 

quoted  on  the  rocks  and  structure  of 

the  Needles 248 

quoted  on  structure  of  Ragged  Top 

Mountain,  S.  Dak 240-241 

Irving,  R.  D.,  acknowledgments  to 313 

cited  on  Lake  Superior  stratigraphy. .  317 
Irving,  R.  D.,  and  Van  Hi.se,  0.  R.,  cited 
on  chemical  process  of  ore  con- 
centration    326 

cited  on  formation  of  chert 320 

cited  on  Pcnokee  di.strict 380 

Itier,  J.,  cited  on  rocks  of  Bulacin,  P.  I ..  498 

cited  on  rock  of  Mount  Pico,  P.  1 523 

.1. 

Jack  Brook.  Conn.,  course  of 144 

Jaggar,  T.  A.,  jr.,  laccoliths  of  the  Black 

Hills 163-203 

Jagor,F.,  cited  on  Camaguin  Volcano,  P.I.  528 

cited  on  coal  in  Caramuan  Peninsula.  570 

cited  on  natives  of  Caraarines  Norte. .  .580 

cited  on  rocks  from  Tanuan,  P.  1 504 

cited  on  rocks  near  Calbajon,  P.  I .504 

cited   on    volcanic   d'sturbances   in 

Philippine  Islands 525 

cited  on  volcanic  vents  on  island  of 

Lcyte.  P.I ,530 

reference  to 498,  .504,  .523, 526, 531,  .533 

work  of 493 

Jaspilite,  development  of 321 

Java,  Eocene  rocks  of 550 

fossiliferous  rocks  of .550 


635 


Page. 

Jenney,  \V.  I'.,  cited  on  Warren  Peaks  ...  251 
flescription  of  Little  Missouri  Buttes 

and  Mato  Teepee,  by 2.'i:? 

reference  to Iso 

Jenney,  W.  P., and  Xewton,N.  H.,  quoted 

on  Deer  Mounta  in 230 

quoted  on  laccoliths  of  Black  Hills...  195-196 

(|Uoted  on  structure  of  Ctister  Peak  ..  23H 

Jesuits,  work  of,  in  Philippine  Islands 494 

Joints,  influence  of,  on  drainage,  fig\ire 

showing 140 

vertical  formation  of,  conditions  nec- 
essary to 125-129 

Joints  and  faults  in  schist.  Strawberry 
Creek,  S.  Dak.,  deseripton  of 

and  figure  showing 202 

Jol6,  P.  I.,  rocks  near 512 

\-oleanic  activity  near 52t; 

Jol6  Archipelago,  I',  I.,  area  of 497 

atolls  in 502 

Jol6  Bay,  P.  I.,  rocks  of 559 

Judd,  J.  W., cited  on  sill  of  basalt  in  Skye.  204 
Judith  Mountains.  Mont.,  laccoliths  of...  286-287 

Junghung,  F.,  cited  on  geology  of  Java  . .  549 
cited  on  volcanic  belts  in  islands  of 

the  Pacific 542 

reference  to 495 

Jurassic  rocks  of  northern  Black  Hills, 
lithologic  and  topographic 
character  of,  and  fossils  found 

in ISO 

toponrai)hy  formed  by 177 

K. 

Kaolinizcd    syenite    in    Bryant    district, 

.\rk 447-44K 

Karrar.    F.,   cited  on   Miocene    rocks  of 

Philippine  Islands 010 

cited  on  rocks  of  Zambales,  P.  I .5.5x 

reference  to .5.59 

work  of 494 

Keith.  .\.,  cited  on  deposition  of  Newark.  30 

cited  on  faults  in  Catoctin  belt 25 

cited  on  rocks  of  Newark  system 23 

work  of 20 

Keratophyre,  analysis  of 81 

Kilian,  W.,  quoted  on  faults  near  Banon, 

France l:i3 

Kirk  Hill,  S.  Dak.,  erosion  and  drainage 

of 274-275 

Kirk  Hill  laccolith,  description  of 215 

section  of,  figure  showing 214 

Knowlton,  F.  H.,  reference  to .5.5,  .50 

report  on  fossil  wood  from  Newark 
formation  of   South    Britain, 

Conn 101-102 

Koch.  O.,  reference  to .527 

Kot6,  B., cited  on  age  of  Alpac6  lignite. . .  5.55 

cited  on  basalt  of  Jol6.  P.  1 523 

cited  on  geology  of  Malayan  Arch- 
ipelago    .548 

cited  on  Halcnn  Peak,  P.  I ,531 

cited  on  volcanic  system  of  Philip- 
pines    .545 

cited  on  volcanic  belts  in  islands  of 

the  Pa<itlc 51:! 


Kot*"),  B.,  reference  to 

Krause,  P.  (t.,  cited  on  Liassic  fossils  of 

Borneo 

Kiimniel.  H.  B.,  cited  on  faults  in  New- 
Jersey  area  of  Newark  system . 

citefl  on  rocks  of  Newark  system 

cited  on  thickness  of  Newark  system 

in  New  Jersey 

work  of 


20 


L. 

La  Infanta,  P.  I.,  rocks  of  Cordillera  of. . .         5U3 
La  Plata  Mountains,  Colo.,  section  of,  fig- 
ure showing 206 

Labo,  P.  I.,  gold  and  copper  near 578 

Labradorite-basalt   from    Philippine   Is- 
lands    512 

Laccolith,  definition  of 172-173 

in  miniature,  description  of 191 

figure  showing 190 

experimental,  cross  section  of 294 

erosion  of,  plates  illustrating 300 

view  and  cross  section  of 2'.)0 

Laccoliths,  effect  of  load  on 283-2>  J 

erosion  of,  maps  and  .sections  illus- 
trating   270 

map  of  sills,  dikes  and,  in  Black  Hills.  176 

of  Black  Hills 103-303 

sills  and  combination  of 231-236 

summary  of   theoretical   conclusions 

concerning 290 

transition  from,  to  sills 205-206 

Laccolithic  intrusives,  description  of 19.5-200 

literature  of 195-199 

Lafayette  formation,  character  of 449 

Laguna  <le  Bai,  P.  I.,  description  of .5()2-.563 

Lake  .\ngeline  and  Pittsburg  mine,  Minn., 

section  of,  plate  showing 37t) 

Lake    .Superior   region,    exploration    in. 

rules  for 121-431 

folding  in 416-118 

iron-bearing  formations  of 413-115 

iron  ore,  quantity  available 419-120 

iron  ore  in,  statistics  of  production  of.  314 

iron-ore  deposits  of 30.5-134 

(See  also  Iron  ore.) 

map,  geologic,  of 330 

stratigraphy  of 310-330 

Lamprophyre,  character  and  localities  of.  182 
Langesund-Skien  region  of  Norway,  faults 

in 133-136 

Larena,  — ,  information  furnished  by 572 

Lars.son,  P..  cited  on  phosphorus  at  Aragon 

mine.  Mich 332 

Laucr,  F.,  cited  on  lietlnitiou  of  l)auxitc  .  170 

Lead,  argentiferous,  in  Philippine  Islands.  .590-591 

Lead,  8.  Dak.,  breccia  near 189 

section  near,  description  of  and  figure 

showing 203 

Leith,  C.  K.,  acknowledgments  to 313 

work  of 318, 401 

Leith,  C.  K..  and  Van  Hisc,  C.  R.,  descrip- 
tion of  Mesabi  district  by 351-370 

Lepanto,  P.  I.,  copper  in .584-589 

Levy,  A.  M.,  cited  on  determination  of 

feldspar  73 


63(j 


Leyte,  P.  I.,  area  of 

coal  in 

volcanic  vents  on  

Lick    Creek,    Tenn..    phosphate    deposit 


Lignite,  difference  bttwuen  cf>al  and 

Liraasaiia.    P.    I.,   hornblende  -  andesitc 

from 

Liincstonc   in    Black    Hills,    topography 

formed  by 

in  Black  Hills,  variation  in  thickness 

of 

in  Philippine  Islands 

(if  Pompcraug  Valley.  C<>nn..  petrog- 
raphy of 

thin  section  of 

Limestone,  bituminous;  plate  showing... 

Limonite,  occurrence  of,  in  iron  ore 

Little.  R.  M.,  cited  on  earthquake  in  Phil- 
ippine Islands 

Little  Mis.souri  agglomerate,  character  of. 
Little  Mis.souri  Buttes.  VVyo.,  breccia  at... 

erosicm  of 

map  and  section  of  Mate  Teepee  and. 

jilate  showing 

rocks  and  structure  of 233,  Z-M, 

view  of,  figure  showing 

Load,  effect  of,  on  laccoliths 

eflect    of,    on    laccolith,  experiment 

illiLstrating 

Longyear,  E.  J.,  aid  by 

reference  to 

Loretto   mine,    Mich.,    section   of,   plate 

showing 

structure  near 

Los  Bailos,  P.  I.,  hot  springs  at 

Last  Gulch,  section  in,  description  of,  and 

figure  showing 

Lower  Huronian  iron-bearing  formations, 

extent  and  character  of 

Ivower  Huronian  of  Me.sabi  district,  Minn. 

Lubang.  P.  I.,  rocks  on 

Luz6n,  P.  I..  fos.sils  fnmi 

fuel,  fossil,  in 

gold  in  

iron  in 

volcanoes  of 

Lyell,  C,  cited  on  origin  of  Lake  Bomb6n, 
P.I 


62 

stu-sta 


191 

274-278 

256 

254 

25ft-257 


408 
a^4-355 

504 
618-619 
.T69-570 

577 

.591 
.5:U,  .545 


Maasin,  P.  I.,  fossils  from 619 

Mabelvale,  Ark.,  bauxite  near 4.59-460 

McCalley,  H.,  cited  on  Alabama  bauxite.  441 

McGee.W  J,  cited  on  geology  of  Arkansas  448 

reference  to 444 

McKenzie,  — ,  acknowledgments  to 442 

MacPherson,  J.,  reference  to .551 

work  of 505 

Macajalar  Bay,  P.  I.,  gold  near .581 

sedimentary  rocks  near .5.58 

Maeaturin,    P.  I.,   volcanic   phenomena 

near 528 

Magalang,    P.    I.,    hornblende -andesite 

from .515 

Magaso  Volcano,  P.  I.,  description  of 529 


Page. 
Magnetite  in  basalt,  figure  showing  arbo- 
rescent forms  of 05 

Malnit,  P.  I.,  rocks  near .500 

Malayan  .\rchipelago,  rocks  of 54S-5.50 

Malinao,  Mount,  P,  I.,  .solfataras  near. ...  533 

Mambulao.  P.  I.,  gold  near 578 

rocks  near .503,504 

.Mancayan.  P.  I.,  copper  deposits  near  ...  .584-580 

Maputi  River,  P.  I.,  rocks  on ,507 

Marble  in  Philippine  I.slands .593 

Marinduque,  P.  I.,  area  of 497 

coal  in .571 

lead  deposits  on .591 

Mariveles  Range.  P.  I.,  rocks  of 514,515 

Marongas,  P.  I.,  rocks  of .559 

Marquette  district.  Mich.,  exploration  in, 

rules  for 430-431 

folding  in 417 

formations  of,  succession  of 371 

iron-bearing  formations  of 372-3s:5, 413 

location  of 371 

map.  geologic,  of 370 

ore  deposits  of,  plate  showing  struc- 
ture of 376 

ores  of,  character  of 370-371 

production  of 370 

sections  in,  plate  showing 372 

stnicture  of 372 

Marsters.  V.  F.,  cited  on  trap  of  Novq  Scotia  24 

Martin.  K.,  cited  on  andesites  of  Uliasser 

Islands .524 

cited   on   correlation   of    Malaysian 

formations 549 

cited  on  fossiliferous  strat^i  of  Java  . .         5.50 
cited  on  Pliocene  and  post-Pliocene 

rocks  of  Philippine  Islands...         .559 
cited  on  volcanic  belts  in  islands  of 

the  Pacific M3 

concerning  Tertiary  fossils  in  the  Phil- 
ippines    61.5-625 

information  furnished  by 654 

work  of 493 

Ma-sbate.  1'.  I.,  area  of 497 

coal  in .571 

copper  in .5.S9-.590 

Massachusetts,  Newark  system  in,  section 

of 28 

Mato  Teepee,  Wyo.,  breccia  at 191 

erosion  of 278 

laccolilhic  origin  of,  evidence  for  —  204-265 
map  and  section  of  Little   Mis.souri 

Buttesand 256 

rocks  and  structure  of 253-25.5, 2.58-266 

sections  of,  figure  showing ,         258 

view  of,  figure  showing 2.55 

views  of,  plates  showing 260, 264 

Mato  Teepee  agglomerate,  character  and 

distribution  of 262-263 

May6n  Volcano,  P.  I.,  description  of 531-532 

eruptions  of 532-533 

plate  showing 493 

Menominee  district,   Mich.,  exploration 

in,  rules  for 432-433 

folding  in 417 

formations  in,  succession  of 389 

iron-bearing  formation  of 390-4U0, 413-114 


687 


Mouominw  liistrict,  Midi.,  looiitimi  of ;isx 

map.  Kfologic,  of 38.S  , 

ores  of.  character  of 388  i 

prorluction  of 388   ' 

sections  in,  plates  showing 394, 398 

structure  of 3S9-390 

Weriden.  (;onn.,    tachylite-basalt    from, 

analysis  of 81 

Merriam,  W.  X.,  acknowledgments  to 313 

Mesabi  districts,  Minn.,  Archean  rocks  of.         354 

Cretaceous  rock  of 360  { 

exploration  in,  rules  for 428-130 

foldingin 416 

formations  in,  succession  ami  siriic- 

tlire  of 353-3.54 

intrusives.  post-Huronian  in 360 

iron-bearing  formations  in 414 

iron  ore  in 361-370 

location  and  topographic  features  of..  3,52-3.53   I 

Lower  Huronian  of 354-3.55 

map.  geologic,  of In  pocket. 

mining  in.  ea.se  of 370  ! 

ore  dejmsits  of.  depth  of 369   I 

origin  of 367-369 

rocks  associated  with 367 

I'lcislocciic  rocks  in 361    1 

jiroduction  of 3-52 

Upper  Huronian  of 356-360  I 

Metznauer,  E..  reference  to 468 

Meyen,   F.  J.  F.,  cited  on  eruption  of 

Babuyan  Claro,  P.  I .VtO 

cited  on  rocks  near  San  Mateo,  P.  I..         498 

Meyer.  H..  cited  on  Mount  Datil,  P.  I 540 

Michigamme  formation,  character  of 383 

Minnnga,  P.  I.,  fo.ssils  from 618 

Minard,— .cited on  rocksof  Misami.s,P.I.         ,508 

reference  to .581,  .582   j 

Mindanao,  P.  I.,  coal  in 575-576 

fossils  from 619 

gold  in .581, 582-583   I 

rocks  of 507-509  J 

volcanoes  in 525-.529  ' 

Mindoro,  P.  I.,  area  of 497  j 

coal  at ,571   1 

gold  in .583 

Minnekahtu  limestone,  lithologic  and  to- 
pographic   character  of   and  j 

fossils  found  in IHI 

topography  formed  by 176-177 

Minnelusa  formation,  lithologic  and  to- 
pographic   character  of   and 

fossils  found  in isl 

topography  formed  by ]  7(1 

Miocene  rocks  of  Philippine  Islands .552. 623 

Mi.samis,  P.  I.,  gold  in ,581-582 

rocks  of ,50,s,  .5.58 

Mitchell  Brook,  Cimn.,  basalt,  shale,  and 
conglomerate  on,  figure  show- 
ing contacts  of 51 

contnct  between  arkose conglomerate 

and  ba.salt  near .=,0 

(Srr  aim  Oliver  Mitchell  Brook.) 
MolcngrafT   cited    on    volcanic   belts  in 

islands  of  the  Pacific 5 13 

Montano,  ,1..  cited    on    ago  of   rocks  of 

Philippine  Islands 54s 


Page. 
Montano.  .1..  cited  on  rock  of  \]>n  Volcano. 

P.  I 523 

cited  on  nx'ks  of  eastern  Mindanao. 

P.  1 508 

reference  to 507.  .527 

work  of 494, 49s,  51 1 

Montero,   C,  cited  on   coal  in    Balabac. 

P.I 576 

work  of 540 

M6rong,  P.  I. ,  Eocene  rocks  of 551 

Mosquito  Range,  Colo.,  laccoliths  of 286 

Mount  Holyoke,  Mass.,  basaltfrom,  analy- 
sis of 77 

Mountain  Iron,  Minn.,  anticline  near 362 

Mountains,    subtuberant,    discussion    of 

term 288 

N. 

Naglabong,  P.  I.,  solfataras  near .533 

Ndsog,  Mount,  P.  I.,  rocks  of .505 

Naumann,  C.  F..  cited  on  volcanic  belts 

in  islands  of  the  Pacific -542 

Negaunee,  section  near,  plate  showing. . .  376 
Negaunee  and  Goodrich  formation,  ex- 
tent, position,  thickness,  and 

character  of  . . .  .• 372-373 

ores  in  development  of 380-382 

relations  of 373-379 

time  and  depth  of  concentration 

of 382-383 

topographic  relations  of 379-380 

Negros,  P.  I.,  coal  in .572 

folding  in .5.56 

rocks  of ,512-515 

volcanoes  of .529 

Nethercutt,  G.,  acknowledgments  to 442 

Nevada  Gulch,  S.  Dak.,  contact  of  Cam- 
brian and  Algonkian  porphyry 
in,  description  of  and  figure 

showing 1,S8 

phonolite    cutting  rhyolite-porphyry 
near,  desicription  of  and  figure 

showing 184 

New  England,  Newark  areas  in  southern, 

map  showing 31 

New  Haven,  Conn.,  bostonite  from,  analy- 
sis of .SI 

New  Jersey,  Newark  area  in,  faults  in  . . .  25 

Newark  .system  in,  thickness  of 28 

Newark  system,  areas  occupied  by,  map 

showing 26 

deposition  of,  conditions  of 2^-30 

distribution  of 19-20 

faults  as.sociated  with 24-27 

fossils  from 23 

igneous  rocks  a.s.sociated  with 24 

of  Pomperang  Valley,  Conn 7-162 

area  of 38 

bibliography  of 39 

deformation  of s;i-]3fi 

deposition  of 40-.59 

economic  reso\irces  of 69 

fos.sll  wood  from,  report  on 161-162 

fos,sils  of ,55-56 

members  of,  contacts  between  . . .  49-53 

distribution  of 40-17 


638 


Page. 

Newark  system,  petrograpiiy  (if 60-82 

previous  work  on 30-38 

relations  to  basement  floor  of  erys- 

talline  rocks 17-19 

sediments  of,  sourre  of .>4-oi 

thickness  of .T8-.i9, 131 

rocks  of 20-23 

thickness  of 27-2S 

Newport  mine.   Mich.,  section  of,  plate 

showing 342 

Newton,  H.,  cited  on  Sundance  Hills  ....         252 

cited  on  Warren  Peaks 251 

description  of  Mato  Teepee  by 253-254 

reference  to 247, 271 

Newton,  N.  H.,  and  Jenney.  W.  P.,  quoted 

on  laccoliths  of  Black  Hills..  19.5-196 

quoted  on  structure  of  Cu.xter  Peak. . .         238 

quoted  on  structureof  Deer  Mountain.         23(5 

Newton,  K.  B.,  cited  on  fossil  of  Sarawak.         548 

Norriemine,  Mich.,  section  of,  plateshow- 

ing 342 


O'Donnell,  P.  I.,  sanidine-trachyte  from..  517 
Oebbeke,  K.,  cited  on  andesites  of  Philip- 
pine Islands 515 

cited  (m  ba.salt  of  Basilan,  P.  1 511   j 

cited  on  rocks  of  Philippine  Islands.  615  j 
cited  on  quartz-porphyry  from  Cabn- 

yan,  P.I .501   '. 

cited  on  rocks  of  .Vlapnti  River,  P.  I..  507  ' 

cited  on  rocks  of  Mount  Arftyat.  P.  I..  .539 

cited  on  ro<-k  from  Palanan,  P.  I .502  . 

determination  by 517 

work  of 493,.510,524 

Olcott,  W.  J„  aid  by 314,  a52 

sections  furnished  by 342  j 

work  of 351    \ 

Oligocene  rocks  of  northern  Black  Hills, 

lithologic    and     topograjihic  ' 

character  and  fos.sils  found  in.  ISO  i 
Oliver  Mitchell  Brook,  Conn.,  sketch  map 


of. 


41 


Oliver  Mitchell  Spring,  Conn.,  fault  rock 

near 87-88 

faults  near 87-88 

Olirine-basalt,  analysis  of 81 

(.■v-f  Ba.salt.) 

Olivine-diabase,  analysis  of 81 

Olivinc-hypersthene-basalt.anal.vsis  of  ..  81 

Olivine-hypersthene-diabase,  analysis  of .  81 
Ore.    (5ff  Iron-ore.) 

Orenaug  Hill,  Conn.,  basalt  near 47 

eastern  twin  of,  plate  showing 58 

fault  scarps  of,  plate  showing 108 

faults  on  relations  of 119 

map,  geologic,  of 106 

scarps  of 87 

southeastern    slope   of,    i)Iate   show- 
ing    112 

unit  blocks  of 107-108 

diagram  showing  shape  of 115 

diagram     showing     relation    be- 
tween fault  system  and  shape 


Page 

Orogenic  cieformatiim  in  Black  Hills 224-225 

Orographic  blocks  of  Pomperatig  Valley, 

Conn 104-121 

altitudes,  relative,  of 112-114 

compasite  blocks   in    .southern,  dia- 
grams showing 118, 120 

grouping  of,  into  composite  blocks. . .  110-112 

quadrangular  blocks 109-110 

polygonal  blocks 110 

relation   between  fault  system   and 

shape  of 11,5-121 

shape  and  size  of 108-109 

Osann,  A.,  and  Andreae,  A.,  cited  on  ba- 
salts of  New  Jersey 80 

Otis,  E.  S.,  reference  to 494 


Pabst  mine,  Mich.,  section  ol,  plate  show- 
ing    342 

Paete,  P.  I..  labradorite-ba.salt  from 512 

Paint-rock,  occurrence  of 361; 

Palanan,  P.  I.,  rocks  near 502 

Pamplona,  P.  I.,  gold  at 583 

Pana6n,  P.  I.,  area  of 497 

gold  in 580 

gold-quartz  vein  on  507 

Panay,  P.  I.,  coal  at .571 

gold  in .580 

rocks  of .504-.505 

rocks  and  structure  in .556-557 

trachyte  from 518 

warm  .springs  in 531 

Paracale.  P.  I.,  gold  at .579 

rocks  near .503, 504 

Parish  Branch,  Tenn.,  phosphate  deposit 

near 483 

PayaguAn  River,  P,  I.,  rocks  on 500 

Peale,  A.  C,  cited  on  relation  of  mineral 

springs  and  fault  planes 93 

Peedee  Gulch,  S.  Dak.,  dike  near,  de.scrip- 

tion  of  and  figure  showing . . .  208 

Penokee  district,  map,  geologic,  of 338 

Penokee-Gogebic  district,  exploration.s  in, 

rules  for 427-428 

folding  in 417 

formations  in,  succession  of 338 

iron-bearing  formations  in 414 

location  of 337 

ore  concentration  in,  time  and  depth 

of 350-351 

ore  deposits  of,  plates  showing  struc- 
ture of 342, 376 

ores  in,  character  of 337-338 

development  of 348-3.50 

structural  relations  of 339-346 

topographic  relations  of 346-348 

production  of 337 

structure  of 338-341 

Percival,  J.  G.,  quoted  on  rocks  of  Pom- 

peraug  Valley 33-34 

reference  to 45, 47 

Permian  rocks  of,  northern  Black  Hills, 
lithologic  and  topographic 
character  of  and  fossil  found 


639 


Perry,  A.,  cited  on  eruptions  of  Macaturin .  5-'s 

cited  on  volcanic  belts  in  islands  of 

thePacifie WJ 

classification  of  volcanoes  of  Luzon, 

by 545 

reference  to 525,526,532 

Perry,  C.  S.,  information  furnished  by  . . .         530 

Perry,  R.  S.,  acknowledgments  to 442 

analysis  furnished  by 470 

Perryvillc,  Tenn.,  topography  and   stra- 
tigraphy near 4.sl-ls2 

Petrography  of  Newark  rocks  of  Pompe- 

raug  Valley 60-St2 

Petroleum  in  Philippine  Islands 593 

Philippine   Islands,  areas    of   provinces 

and  districts  in 496-497 

bibliography  of  geology  of 594-605 

coal  in 569-576 

copper  in 584-590 

crystalline  schists  and  older  massive 

rocks  of 497-510 

former  extent  of 565-567 

geographical  names  in,  source  of 495 

geologic  history  of,  summarj-  of 567-56« 

gold  in 576-5S4 

historical  geology  of,  notes  on 547-5(i9 

iron  in 591-593 

lead,  argentiferoiis,  in 590-591 

map,  general  of 496 

map,  hydrographic.  of 494 

marble  in .593 

mineral  resources  of 569-593 

mining  concessions  in fi0l')-611 

petroleum  in 593 

provincial  index  of 612-614 

report  on  geology  of 4S7-625 

sulphur  in 593 

Tertiary  fossils  of 61.5-625 

volcanic  belts  of .542-517 

volcanic  rocks  of,  distribution  of 520-.525 

lithological  notes  on 510-.520 

volcanoes  of 525-.542 

table  of 541-5^12 

Phonolite,  character  and  localities  of 1S2 

rhyolite-porphyry    cutting,    descrip- 
tion of  and  figure  showing  ...         184 

Phosphate,  bed  of,  plate  showing 478 

varieties  of 4M-4N5 

Phosphate  deposits  in  Tennessee,  descrip- 
tion of 477-179, 481-485 

extent  of 4.so-l.si 

origin  of 479-l.sO 

Phosphate,  Tennessee  white,  report  on  ..  473-185 
bed  of,  i)late  showing 478 

Phosphorus,  occurrence  of,  in  iron  ore  . . .  365 

I'hysiograpliie  form  of  eroded  domes 267-279 

Pierce,  D.  F.,  aid  by 38 

quoted  on  fossil  tish  from  Pomperaug 

Valley,  Conn 56 

rejerence  to 55,  ,56 

Pillar  Peak,  S.  Dak.,  breccia  on 190 

erosion  and  drainage  of 27.5-276 

Pine  Hill,  Conn..  l)asalt    from,  analysis 

of 66 

basalt  near 17 

fault  at 86 


Page. 
Pine  Hill.  Conn., offsetting  of  foniiations 

in  outcrop  near 86 

■profile  of 46 

Pinutan,  P.  I.,  gold  near .580 

Pirsson,  L.  V.,  cited  on  basalts  of  Connec- 
ticut Valley 80 

cited  on  geology  of  Judith  Mountains.         217 

cited  on  structure  of  Mato  Teepee 197 

rock  determination  by 254 

Pirsson,  L.  V.,  and  Weed.  W.  H.,  cited  on 

laccolithie  mountain  groups..         182 

cited  on  laccoliths  in  Montana 286 

cited  on  limestone  conglomerate 193 

Pitchstone,  analy.sis  of 81 

Pittsburg  and  La  ke  Angeline  mine,  Minn . , 

section  of,  plate  showing 376 

Pleistocene    rocks    of     Mesabi    district, 

Slinn 361 

of  northern  Black  Hills,  lithologic  and 

topographic  character  of 180 

Pliocene  rocks  of  Philippine  Islands 623 

Plugs,  Plutonic,  discussion  of 287 

Pokegama  formation,  character  and  ex- 
tent of  357-358 

Polillo,  P.  I.,  gold  near .583 

Polo  Peak,  S.  Dak.,  limestone  at.  thick- 
ness of 179 

rocks  and  structure  of 239 

view  from,  plate  showing 238 

Pomperaug,  Conn.,  basalt  ridges  near 45 

Pomperaug  River,  Conn.,  course  of 140 

features  of 1.55 

erosion  history  of 1.52-1.58 

erosion  stages  of,  plate  showing 1.54 

Pomperaug  Valley,  Conn.,  arkose   con- 
glomerate of 40-43 

basalt  of,  origin  of 5r)-.58 

basalt  ridges  of.  sketch  of 33 

basalt  sheet  of,  character  and  extent 

of 43-14,  1.5-17 

))locks,  orographic,  in.    (>><  Orograph- 
ic blocks.) 

bowlder  trains  in L5>i-ir)0 

checkerboard  topography  in 1.50-151 

conglomerate  of,  occurrence  and  char- 
acter of 40-43 

Cretaceous  plain  of  erosion  in 137-138 

deformation  in 83-136 

degradation  in 137-160 

drainage  of,  relation  to  fault  planes..  139-146 
drainage  and  faults  in,  map  showing 

relations  of 140 

drainage  system  of 137-1.50 

economic  resources  of .59 

elevation  and  tilting  in,  subsequent 

to  deposition  of  Newark  beds.  ,s3-,s5 
fault  rock  in,  local  development  in  ..  87-88 
faults  in.     (See  Fault.s.) 

glaciation  of l.">.H-i(io 

inglenooks  in 1.52 

map,  geologic,  of 22 

Newark  system  of 7-162 

(.Sec  Newark.) 
orographic  blocks  in.    (.8ff  Oniiinipliic 

blocks.) 
physioirraphic  features  of 1.50-1,52 


640 


Page. 
Pompcnuif,'  Vallt-y.  Conn.,  rampart  sldjK's 

in l.il 

reibungsbreccias  of 71-72, 87-88 

river  network.s  in,  origin  of U9-150 

st'arps  in,  o('C\irrence  in  harder  rocks.  87 

sePtio;is  in 158 

slic-kensides  in,  local  development  of.  88-89 

springs  in,  rectilinear  arrangement  of  91-9.3 

streams  in,  cunal-like  channels  of 138-139 

zigzag  courses  of 139 

streamlet  branchings  found  in,  figure 

showing Un 

strike  and  dip  in.  sudden  changes  of. .  8C.-S7 

terrace  formations  of 160 

Porac,  P  I.,  tuff  fragments  near ,il7 

Porpliyry, contact  of  Cambrian  and  Algon- 
kian.  description  of  and  fig- 
ure showing l,>vS 

deftniti(m  of 173 

deformation  of  shale  by,  figure  show- 
ing    ■>»> 

rhyolite  cutting,  description  of  and 

figure  .showing isi-ix-i 

Porphyry  breccia  in  northern  Black  Hills, 
contact  of  Cambrian  sand- 
stone and  description  of,  fig- 
ure showing 1«9 

Porphyries  of  Black  Hills,  geological  age 

of 18.V186 

lithology  of 182-183 

relative  age  of 183 

to|)Ography  of 194 

Portland,  intrusions  near 233 

Posewitz.  T.,  cited  on  age  of    rocks  of 

Borneo .547-.>tx 

cited  on  eaves  in  Malayxian  Archi- 
pelago    .561 

cited  on  fossils  from  Borneo .>52 

(juoted  on  iron  manfacture  in  Borneo  .592-593 

Poverty,  Conn.,  ba.sjilt  ridges  near 45 

strike  and  dip  near,  changes  in Sf^-H7 

Powell,  J.  \V.,  acknowledgments  to 313 

Pseudo-conglomerates.  (S/r  Conglomer- 
ates, pseudo-) . 

Pulaskite,  occurrence  and  character  of. .  4.55 

Q. 

Quartz-basalt,  analysis  of 81 

Quaternary  rocks  of  Philippine  Islands  . .  623 

R. 

Ragged  Top  Mountain.  S.  Dak.,  rocks  and 

structure  of 240-241 

Ragland,  Conn.,  ba.salt  in,sketch  showing 

northwestern  boundary  of  .. .  101 

Rajal.  .1.,  reference  to .527 

Ramnielsberg.C, analysis  by 533 

Rampart    slopes    in    Pomperaug    Basin, 

Conn 151 

Rattlesnake  Hill,  Conn.,  Iwwlder  train  of         159 
Red    Beds,    lithologic    and    topographic 
character  of,  and  fo.s.sils  found 

in 180 

Red  Spring,  Conn.,  fish    remains    from, 

plate  showing 56 

limestone  from,  thin  ; 


Page. 
Red  Spring.  Conn.,  rcctilinoai-  boMndaries 

of  formation  near 90 

sketch  map  of  vicinity  of .52 

Redfield,  \V.  C,  cited  on  fossil    fish  of 

Pomperaug  Valley,  Conn 55 

cited  on  fossils  fromSouthbury,  Conn.  32 
Reibungsbreccia  from  Pomperaug  Valley, 

Conn.,  petrography  of 71-72 

from  South  Britain,  Conn.,  thin  sec- 
tion of 68 

Renard,  X.  F.,  cited  on  ba.salt  from  Cobii.  512 

cited  on  rocks  of  Cebi'i,  P.  I .507 

cited    on    rock     from   Camiguin    de 

Mindanao,  P.  I 513 

reference  to 523 

Rhyolite,  Philippine  Islands 518, 522 

l)orphyry  cut  by,  description  of  and 

figure  showing l,s  1-185 

Rhyolite-porphyry,  character  and  locali- 
ties of 182 

phonolite  cutting,  description  of  and 

figure  showing |S4 

Richnumd  Biusin,  Va.,  faults  in  Newark 

area  in 25 

Richmond  Hill,  S.  Dak.,  breccia  on 190-191 

Richthofen,  F.  von,  cited  on  fossils  of  tlie 

Philippines 615 

cited  on  lignite  from  Gulf  of  Sibugao, 

P.I .5-6 

cited    on    nummulitic    limestone   of 

Philippine  Islands .551 

cited  on  trachyte  of  Binangonay 517 

reference  to .521 

work  of 493, 510 

Riquel,  H.,  cited  on  gold  in  Luzon,  P.  I .  ,579 

Roan  Creek,  Tenn.,  pho.sphate  near 483-484 

Robinson,  H.  H.,  aid  by 38 

Rombl6n,  P.  I.,  area  of 497 

Rosenbu.sch,  H..  reference  to 510 

Roth,  .1.,  cited  on  bituminous  limestone 

from  Montecillo,  P.  I .571 

cited  on  eruption  of  Camaguin   Vol- 
cano, P.  I ,528 

cited  on  lead  in  Mambulao,  P.  I ,590 

cited  on  rocks  of  Basey  River,  1'.  I  . . .  .504 

cited  on  rocks  of  Camarines  Sur .517 

cited  on  rocks  of   Mariveles  Range, 

P.I 514 

cited  on  rocks  of  Mount  Dagami .523 

cited  on  rocks  of  Paracale  and  Mam- 
bulao, P.  I .503 

cited  on  solfatara  at  Dagami,  P.  I .530 

cited  on  Tertiary  rocks  of  Philippine 

Islands 615, 616 

work  of 510 

reference  to 518,  .521 

Rothpletz,  A.,  cited  on  fossils  from  Timor.  548 
Rus.sell,  I.  C,  cited   on    hot   springs  of 

southern  Oregon 93 

cited  on  Little  Sundance  dome 271 

cited  on  Newark  system  In  Danville 

area 24 

cited  on  plutonic  plugs  of  Black  Hills.  197, 198 
cited  on  plutonic  plugs  and  subtuber- 

ant  mountains 287 

cited  nil  rocks  of  Newark  .system 20 


641 


Pajfe- 
Kussell,  I.  C.  cited  on  SmKliinoo  Hills  ....  252 
cited  on  structure  of  Ponipermig  Val- 
ley   38 

description  of  Mato  Teepee  by 254-2.% 

quoted  on  fault  blocks  of  southern 

Oregon 107 

quoted  on  faults  in  Newark  areas 25 

quoted  on  inacce-ssibility  of  summit  of 

Mato  Teepee 253 

reference  to 122 

work  of 20 

Salac  y  Maputi  River,  P.  I.,  fossils  from..  619 

S^mar,  P.  I.,  area  of 496 

coal  in 571 

islets  near,  area  of 496 

San  Mateo  River,  P.  I.,  roc^ks  on 499-500 

San  Tomds,  Mount,  P.  I. ,  rocks  of 502 

Sandstone  in  Black  Hills,  northern,  con- 
tact of  porphyry  breccia  and, 
description     of      and     figure 

showing 189, 190 

topography  formed  by 176 

Santos.  J.  M.,  cited  on  copper  in  Lepanto, 

P.  I .584 

reference  to 494 

Sarangani,  Bay  of,  P.  f.,  volcanic  cones 

Satput,  P.  I.,  fo.ssils  from 619 

Scarps  as  evidence  of  faults 87 

Sehadenberg,  A.,  reference  to .527 

Schist,  dikes  in,  description  of  and  figure 

showing 200-205 

in   Black    Hills,   topography  formed 

from 17.5-176 

Schist.s,  crystalline,  and   older   massive 

rocks  of  Philippine  Islands. . .  497-510 

Schwager,  A.,  analyses  by .511,516 

work  of 510 

Sebenius,  .1.  U.,  aid  by 314,352 

reference  to  366 

work  of 351 

Semerara,  P.  I.,  coal  at 571 

Semper,  C,  cited  on  atolls  of  Philippine 

Islands 562 

cite<I  on  coral  limestones  in   Philip- 
pine Islands .563 

cited  on  eruption  of  Babuyan  Claro 

and  Camaguln .540 

cited  on  rocks  of  Lu/,6n .501 

cited  on  rocks  of  Maputi  River,  P.  I. .         .507 
cited  on  rocks  of  Sierra  Madre,  P.  I. . .  .502 

cited  on  volcanoes  in  Philippine  I.s- 

lands .5:10 

fos.sils  collected  by 617-618 

quoted  on  eruptions  of  Taal  Volcano, 

P.  I 5:i7 

reference  to 510, 

515, 517,  .523, 526,  .528,  .534,  .5.52,  ,559,  .560 

work  of 493, 615 

Shale,  deformation  of,  by  porphyry,  figure 

showing 232 

of  Pomperaug  Valley,  Cimn.,  charac- 
ter and  occurrence  of 44-45 

contact  with  ba.salt 51  -5:i 

21  (iKoL,  PT  ;>— Ul 43 


I'aga 
Shale  of  Pomperaug  Valley,  t'onn.,  petro- 
graphy of  69-70 

Shale  conglomerate  of  Pomperaug  Valley, 

Conn.,  petrography  of 60-64 

Shaler,  X.  S.,  and  Woodworth,  J.  B.,  cited 

on  deposition  of  Newark 30 

cited  on  igneous  rocks  associated  with 

Newark  system 24 

cited  on  rocks  of  Newark  svstem 23 

quoted  on  faults  in  Newark  of  Rich- 
mond Basin 25 

work  of 20 

Sheep  Mountain,  S.  Dak.,  plate  showing. .  238 

rocks  and  structure  of 234-235 

Shepard,  C.  U.,  cited  on  rocks  of  Pompe- 
raug Valley .  33 

Shepaug  River,  Conn.,  course  of 144 

geologic  structure  in  basin  of,  plate 

and  figvire  showing 142 

Sherman  Hill,  Conn.,  .springs  on 92 

Sierra  Madre,  P.  I.,  rocks  of 5U2-.503 

Sill,  definition  of 172 

dike  curving  into,  figure  showing 204 

transition  from  dikes  to 202-204 

upper  contact  of,  at  Galena,  S.  Dak., 

figures  showing 191,192 

e.xperimental,  cross  sections  of 294 

in  Black  Hills 231 

laccoliths  and,  combination.of 231-236 

map  of  dikes,  laccoliths  and,  in  Black 

Hills 176 

transition  from  laccoliths  to 20-5-206 

Silliraan,  B.,  quoted    on  topography  of 

Pomperaug  Valley 31-32 

Silurian  rocks  of  northern  Black  Hills, 
lithologic  and  topographic 
character  of  and  fossils  found 

in 181 

topography  formed  by i76 

Siquijor,  P.  I.,  area  of 497 

Sitting  Bull  mine,  S.  Dak.,  contact  of  sill 

near 191-192 

Slichter,  C.  S.,  aid  by 38 

Slickensides,  development  of,  as  evidence 

of  faults s.«-89 

Smith,  P.  S.,  aid  by ni 

Smyth.  H.  L.,  acknowledgments  to 313 

Sor.sog/'jn,  P.  I.,  coal  in 571 

Soudan  formation,  extent,  position,  thick- 
ness, and  character  of 40:i-l08 

ores  of,  concentrations  of,  time  and 

depth  of 408 

development  of 407-408 

structural  relations  of lO-l-'lOT 

topograpliic  relations  of 407 

South  Britain,  Conn.,  basalt  from,  analvsis 

of 77 

biusttlt  from,  thin  section  of 68 

basalt  ridges  of,  plate  showing 58 

ba.salt  sheets  near,  maps  showing.  43-44,45-47 

deposits  near,  sequence  of 34-36 

fossil  wood  from,  report  on 161-162 

inglenook  near,  figure  showing 162 

map,  geologic,  of  vicinity  of 84 

strike  and  dip  near,  changes  in ,86-87 

strike  and  dip  near,  figure  showing..  84 


642 


Soutli  Britain,  Conn.,  ^ii(iiU-ii  disappear- 

ancc  of  outcrops  near 89-90 

trap  ridges  near,  description,    map. 

and  section  of S-S-se 

South  Britain  arkose  conglomerate,  con- 
tact effects  in 63-e-l 

contact  with  anterior  basalt  sheet  ...  49-51 

occurrence  and  character  of -lO-lS 

petrography  of (iO 

thin  section  of fi'i 

South  Mountain,  Ark.,  bauxite  at 4.tH 

Southbury,  Conn.,  well  boring  at 38 

Spearfish  Canyon,  S.  Dak.,  limestone  in, 

thickness  of 178 

Spearfish  Creek,  S.  Dak.,  rocks  exposed 

along 174-17.5 

Spearfish  Peak,  S.  Dnk.,  rooks  and  struc- 
ture of 239-240 

Spencer,  ,1.  W..  cited  on  bauxite  in  Georgia  441 

Spiegels  Gap,  reversal  of  drainage  near.  272 

Spottedtail  Dome,  structure  of 248 

Spring  Creek,  Tenn.,  phosphate  depo-sit 

near 482-W3 

Springs,   rectilinear   arrangement  of,  as 

evidence  of  faults 91-93 

Spurr,  .1.  E..  cited  on  source  of  iron  in 

Mesabi  district 319 

reference  to 3.il 

work  of 318 

Squaw  Creek,  S.  Dak.,  sill  on 231 

Sijuaw  Rock,  Conn.,  inglenook  of,  figure 

showing 151 

Steiger.  G.,  analysis  by 506, 575 

Stock,  definition  of 172 

Stocks  in  Terry  district,  .S.  Dak 227-228 

Stdhr,  E.,  cited  on  periods  in  life  of  a  vol- 
cano   .532 

Stratigraphy,  dynamic  significance  of  . . .  177-178 

of  Black  Hills,  northern 177-188 

of  Lake  Superior  region 316-336 

Stniwlierry  Creek,  S.  Dak.,  faults  and 
joints  in  schist  on,  descrip- 
tion of  and  figure  showing  ...  202 

Strawberry  Ridge,  S.  Dak.,  dike  near 204 

quartzite  near 204 

Streams,   branching  of,   abnormal    type, 

figure  showing 145 

branchingof,twig-like,figure  showing         145 

effect  of  joints  on,  figure  showing 14(1 

of  Pomperaug  Valley,  canal-like  chan- 
nels of 138-1.39 

Strike,  changes  in.  a,s  evidence  of  faults. .  86-87 

Subaan,  P.  I.,  coal  at 571 

Suess.  E.,  cited  on  volcanic  belts  in  islands 

of  the  Pacific .542 

Sulphur  in  Philippine  Islands 593 

Sundance  di.strict,  S.  Dak.,  igneous  cen- 
ters of  245 

laccolithic  intrusi ves  of 24-5-266 

Sundance  Hills,  rocks  and  structure  of. . .  252-2.53 
Surface  Springs,  rectilinear  arrangement 

of,  as  evidence  of  faults 91-93 

Surigao,  P.  I.,  gold  near 582 

Suyuc,  P.  I.,  coppearnear 586 

Sweet  Home  Pike,  .\rk..  bauxite  on 4.57-4-58 

.Sycnite.kaolinized.in  Bryant  district. .\rk.  447-14,S 


T.  Page. 

Taal  Volcano,  P.  I.,  description  of 534-535 

eruptions  of 535-537 

rocks  of 515 

Tachylite-basalt.  analysis  of 81 

Tagasiip,  P.  I.,  fos-sils  from (il9 

Talabe  River,  P.  I.,  coal  on 572 

rocks  on 514 

Talira,  P.  I.,  basaltsof .511 

Tanauau,  P.  I.,  rock  near .504 

Tayabos,  P.  I.,  coal  in 570 

Tenison-Wood,  ,1.  E.,  cited  on  rocks  m'nr 

CuliAn,  P.  I 504 

Tenmilc  district.  Colo.,  laccoliths  of 286 

Tennessee   River,  Tenn.,  phosphate   de- 
posit near 483 

Tennessee  white  phosphate,  description 

of 477-479, 481-485 

extent  of 480-481 

origin  of 479-480 

report  on 473-485 

Terra    open  cut,   S.   Dak.,   porphyry  in, 

plate  showing 208 

Terraces  in  Philippine  Islands 565 

Terry  Peak,  8.  Dak.,  altitude  of 174 

sills  and  laccoliths  on 232-235 

section  near,  figure  showing 233 

irregular  intrusions  on,  figures  show- 
ing    232,234 

Terry  district,  di kcs  of 228-231 

ilniinnKcof 174-175 

liicccilithic  intrusivcs  of 226-245 

laccoliths  of 230-244 

laccoliths  and  sills  in,  combination  of .  231-235 

.sills  of 231 

sills  and  laccolithsin,  combination  of.  231-235 

stocks  of 227-228 

Tertiary  fossils  in  the  Philippines 615-625 

Texana,  S.  Dak.,  breccia  near 189 

dikes  near 228 

The  Needles,  rocks  and  .structure  of 248-249 

Thomp.son,  J.  R.,  aid  by Ui 

quoted  on  faulting  in  Gogebic  district.         345 

sections  furnished  by 342 

Ticao,  P.  I.,  area  of 497 

Tilford  laccolith,  S.  Dak.,  conduit  of,  plate 

showing 222 

description  of 219-220, 225 

Timor,  P.  I.,  rocks  of .548 

Tinanagan,  P.  I.,  rocks  near 505 

Tiui,  P.  I.,  solfataros  near .533 

Tomohol.  P.  I.,  area  of 496 

Toms  Creek,  Tenn.,  phosphate  deposits 

near 477-479 

Tongl6n,  Mount,  P.  I.     (See  San  Tomils, 

Mount.) 
Topography,  influence  of,  cm  ore  deposi- 
tion   329-330 

relation  of  ore  deposits  to 346-348, 

379-380,  395-396,  407 
Trachyte  in  Philippine  Islands. . .  517-.518,  521-522 

Traders'  mine,  Mich.,  structure  near 395 

Trap  ridges  near  South  Britain,  Conn., 

sketch  of 35 

(See  aho  Basalt.) 
Tresca,  — ,  reference  to 125 


643 


Triassio  rocks  of  nortliern  Bhick  Hills, 
lithologic  and  topographic 
character  of,  and  fossils  found 

in 180 

Trinidad,  1'.  I.,  rocks  near nOl 

Tuff  in  Philippine  Islands 5J1 

Tumantangis,  P.  I.    {See  3ol(>.) 

Turner,  H.  W.,  reference  to 512 

Tv,  o  Bit  Canyon,  S.  Dak.,  structure  in,  de- 
scription of  and  figures  show- 
ing    205-209 

Two  Bit  Creek,  S.  Dak.,  breccia  on 190 

Two  Bit  region,  S.  Dak.,  sills  and  lacco- 
liths in  205-213 

r. 

Uling,  Mount,  P.  I.,  coal  near 572-575 

Uplifts,  cause  of 288 

Uplifts  in  Black  Hills,  time  of 186 

Upper  Huronian  of  Mesabi district,  Minn.  356-3G0 
V. 

Valencia,  P.  I.,  rock  from 513 

Van  Hise,  C.  R.,  cited  on  deformation. . . .    84, 125 
cited    on   depths  at  which   cavities 

would  close 131 

cited  on  formation  of  schists  from  iron- 
bearing  carbonate  321 

cited  on  intraformational  conglomer- 
ate   42 

cited  on  Lake  Superior  stratigraphy. .         317 

cited  on  metamorphism 321 

cited  on  origin  of  dells  of  Wisconsin 

River 147 

cited  on  relation  of  water  to  ore  do- 

posi  ts 326 

report  on  the  iron-ore  deposits  of  the 

Lake  Superior  region 305-131 

Vanllisc,  ('.  K.,  Bayley,  W.S.,  and  Smyth, 
H.  L.,  cited  on  Marquette  dis- 
trict    370 

Van  Hise.C.  R., and  Irving,  R.D.,  cited  on 
chemical  process  of  ore  con- 
centration    326 

cited  on  formation  of  chert 320 

cited  on  Pcnokee  district 3S0 

Vanockcr  laccolith,  S.  Dak.,  de.icription 

of  and  illustrations  showing..  213-216 

Velain.  <;h.,  work  of 511,. 527 

Vcrbeck,  R.  D.  M.,  cited  on  age  of  slate  of 

Sumatra ^8 

cited  on  Eocene  oi  Eorneo 549, 5.j0 

cited  on  rocks  of  Borneo 510 

cited  on  volcanic  belts  in  islands  of 

the  Pacific .543 

reference  to ly.'i 

Vereker,  F.  c;.  P.,  reference  to .529 

Vermilion  district,  exploration  in,  rules 

for 433-434 

folding  in  41,s 

formations  in,  succession  of 402 

iron-bearing  formations  In 403-109,414 

location  of 401 

map,  geologic,  of 402 

ores  in.  ck'velopment  of 407-lOs 

CNtenI,  position,    thickness,  and 

character  of 401, 403-10 1 


I'age. 
Vermilion  district,  ores  in,  structural  rela- 
tions of 404-i07 

topographic  relations  of 407 

ore  deposits  of,  plate  showing  sections 

of 406 

production  of 401 

structure  of 402-403 

Vicarya  eallosa  Jenk.,  description  of 024-625 

Vigan,  P.  I.,  rocks  near 501 

Vigo,  M.  dc,  cited  on  crater  near  Galera, 

P.I 531 

cited  on  volcanoes  on  Dumaran,  P.  I.         530 

Virchow,  R.,  work  of 494 

Virginia,  Newark  system  in,  deposition  of.  30 

Virginia  slate,  e.xtent  of 360 

Vogel.  F.,  cited  on  .Juras.sic  in  Borneo —         548 

Volcanic  belt  in  Philippine  Islands 542-547 

Volcanic  rocks  of  Philippine  Islands,  di.s- 

tribution  of 520-525 

Volcanoes  in  Philippine  Islands 52.5-.542 

table  of 541-,542 

Vulcan  formatiim,  extent,  j.nsition,  thick- 
ness, and  elKinieterof 390-391 

ores  of,  concentriition   of,   time  and 

depthof 400 

development  of 396-100 

struc'tural  relations  of 391-395 

topograiihic  relations  of 395-396 

\\. 

Walcott,  C.  U.,  acknowledgments  to 313 

cited  on  influence  of  organisms  on 

chert 320 

cited  on  intraformational   conglom- 
erate       42, 194 

Wallace,   A.   R.,   cited    on    extension  of 

species 565 

reference  to 495 

Warren,   G.   K.,  ciled    on    laccoliths    of 

BlackHills 195 

Warren  Peaks,  Wyo.,  rocks  and  structure 

of 251-2.52 

Watchung  Mountain,  N.  J.,  basalt  from 

analysis  of 77 

Water,  relation  to  ore  deposits 32-5-326 

Watson,  T.  L.,  cited  on  weathered  olivine- 

basalt 80 

Weed,  W.  H.,  and  Pirsson,  L.  V.,  cited  on 

geology  of  .Itidith  Mountains.         217 
cited  on  laccolithic  mountain  groups.  182 

cited  on  laccoliths  in  Montana 286 

cited  on  limestone  conglomerate 193 

Weisbach,  A.,  cited  on  luzonite  from  Man- 

cayan,  P.  I 586 

West  Vulcan  mine,  Mich.,  section  of,  plate 

showing 398 

White  Oaks,  Conn.,  bowlder  train  near  . .         159 
White  phosphate.    (.S(e  Phosphate.) 
White  River   formation,   lithologic    and 
topographic  character  of,  and 

fos.sils  foinid  in 180 

Whitelail  Ciulch.  S.  Dak.,  deformation  of 
shale  by  porphyry  near,  figure 

showing 232 

dikes  on 2J9-231 

plate  showing TH 


644 


Page. 
Whitewood    Canyon,  S.  Dak.,   laccolith 

in 217-218, 225 

limestone  in,  thickness  of 179 

section  in,  description  of  and  figure 

showing 205 

Whitewood  Creek,  S.  Dak.,  character  of 

valley  of 175 

faulting  near,  description  of  and  fig- 
ure showing 200,202 

Wichmann,  A.,  cited  on  volcanic  belts  in 

islands  of  the  Pacific 543 

Williams,  J.  F.,  cited  on  bauxite  in   Ar- 
kansas          441 

cited  on  igneous  rocks  of  Arkansas. . .         446 

cited  on  origin  of  bauxite 462 

quoted  on  pulaskite  of  Arkansas 455 

reference  to 444, 458 

W'illis,B., cited  on  "competent"  strata..         177 
cited  on  production  of  folds  by  hori- 
zontal pressure 288 

reference  to 268 

Wilsdorfs  Branch,  Tenn.,  phosphate  de- 
posits on 477-479 

white  phosphate  on,  plate  showing  . .         478 
Winchell,  N.  H.,  cited  on   laccoliths  of 

Black  Hills 195 

description  of  Inyankara  Mountain  by  249-250 

reference  to 246,351 

Winchell,  N.  H.,  and  Grant,  U.  S.,  cited  on 

geology  of  Mesabi  range 318 


Page. 

Wisconsin  River,  origin  of  dells  of 147 

Wood,  fossil,  from  Newark  formation,  re- 

porton 161-162 

Woodbury,  Conn.,  trap  ridges  near,  de- 
scription, sketch,  and  section 

of 36-37 

Wood  ville  Hills,  S.  Dak.,  erosion  of 274 

intrusions  of 237 

view  of.  figure  showing 273 

Woodv'orth,  J.  B.,  and  Shaler,  X.  S.,  cited 

on  deposition  of  Newark 30 

cited  on  igneous  rocks  associated  with 

Newark  system 24 

cited  on  rocks  of  Newark  system 23 

quoted  on  faults  in  Newark  of  Rich- 
mond Basin 25 

work  of 20 

Worcester,  D.  C,  cited  on  former  extent 

of  Philippine  Islands .566 

reference  to 495 

Z. 

Zambales  Range,  1'.  I.,  rocks  of 498-199 

Zamboanga,  P.  I.,  fossils  f-om 619 

rocks  near .508 

Zerrener,  C,  cited  on  enargite  and  covel- 

lite  from  Mancayan,  P.  I .586 

Ziliiiga,  M.  de,  cited  on  earth  movements 

in  Philippine  Islands .563 

cited  on  origin  of  Lake  Bombon,  P.  I.  .538 


[Twenty-first  Annual  Report,  Part  IH.] 


Tlic  statute  approved  Mareh  3,  1S79,  establishing  the  United  States  Cieological  Survey,  contains  the 
following  provisions: 

"  The  publications  of  the  Geological  Survey  shall  consist  of  the  annual  report  of  operations,  geolog- 
ical and  economic  maps  illustrating  the  resources  and  classification  of  the  lands,  and  reports  upon 
general  and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological 
Survey  shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and 
reports  of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director, 
but  otherwise  in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  .scientific 
exchanges  and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials 
received  in  exchange  shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the 
organization ;  and  the  money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the 
Treasury  of  the  United  States." 

Except  in  those  cases  in  which  an  extra  number  of  any  special  memoir  or  report  has  been  supplied 
to  the  Survey  by  resolution  of  Congress,  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this 
office  has  no  copies  for  gratuitous  distribution. 

ANNUAL  REPORTS. 

I.  First  Annual  Report  of  the  Uirted  States  Geological  Survey,  by  Clarence  King.  1880.  8°.  79  pp. 
1  map. — A  preliminary  report  describing  plan  of  organization  and  publications. 

II.  Second  .\nnual  Report  of  the  United  States  Geological  Survey,  1880-'81,  by  J.  W.  Powell.  1S82. 
H°.    I V,  .588  pp.    62  pi.    Imap. 

III.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'82,  by  .T.  W.  Powell.  ]S83. 
8°.    xviii,  564  pp.    67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-'83,  by  J.  \V.  Powell.  1S84. 
8°.     xxxii,  473  pp.    85  pi.  and  maps. 

V  Fifth  Annual  Report  of  the  United  States  Geological  Survey,  1883-'S4,  by  J.  W.  Powell.  1885. 
8°.    xxxvi,  469  pp.    .W  pi.  and  maps. 

VI.  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-'85,  by  J.  W.  Powell.  1885. 
8°.    xxix,  570  pp.    65  pi.  and  maps. 

VII.  Seventh  Annual  Report  of  the  United  States  Geological  Survey,  1885-'86,.by  J.  W.  Powell.  1888. 
8°.    XX,  6.56  pp.    71  pi. and  maps. 

VIII.  Eighth  Annual  Report  of  the  United  States  Geological  Survey,  1886-'87,  by  J.  \V.  Powell.  1889. 
8°.    2  pt.     xix,  474,  xii  pp.,  53  pi.  and  maps;  1  p.  1.,  47&-1063  pp.,  54-76  pi.  and  maps. 

IX.  Ninth  Annual  Report  of  the  United  States  Geological  Survey,  1887-'88,  by  .T.  W.  Powell.  1,SS9. 
8°.    xiii.  717  pp.    88  pi.  and  maps. 

X.  Tenth  Annual  Report  of  the  United  States  Geological  Survey,  1888-'S',l.  by  .1.  W.  Powell.  ls90. 
8°.    2  pt.    XV,  774  pp.,  98  jil.  and  maps;  viii,  123  pp. 

XI.  Eleventh  Annual  Report  of  the  United  States  Geological  Survey,  1889-90,  by  .I.W.  Powell,  1S91. 
8°.    2  pt.    XV,  757  pp.,  66  pi.  and  maps;  ix,  351  i)p.,  30  pi. 

XII.  Twelfth  Annual  Report  of  the  United  States  Geological  Survey,1890-'91,by  J.  \V.  Powell.  I.s9i. 
8°.    2  pt.    xiii,  675  i)p.,  .53  pi.  and  maps;  xviii,  .576  pp.,  146  pi.  and  maps. 

XIII.  Thirteenth  Annual  Report  of  the  United  States  Geological  Survey,  1891-92,  by  .1.  \V.  Pi.well. 
1893.    8°.    3  pt.    vii,  240  pp.,  2  maps;  x,  372  pp..  105  pi.  and  maps;  xi,  486  pp.,  77  pi.  and  maps. 

XIV.  Fourteenth  Annual  Report  of  the  United  States  Geological  Survey,  1892-'93,  by  ,1.  W.  1-uwell. 
1893.     8°.     2pt.     vi,  321pp.,  1  pi.;  XX,  .597  pp.,  74  pi. 

XV.  Fifteenth  Aniuial  Report  of  the  United  States  Geological  Survey,  l,s93-'94,  by  ,r.  W.  Powell. 
1895.    8°.     xiv,  755  pp.     48 1)1. 

XVI.  Sixteenth  Annual  Report  of  the  United  States  Geological  Survey,  1894-95, Charles  D.  Walcott, 
Director.  1895.  (Part  I,  1896.)  s".  4  pt.  xxii,  910  pp.,  117  pi.  and  maps;  xix,  598  pp.,  43  pi.  and 
maps;  xv,  646  pp.,  23  pi.;  xix,  735  pp.,  6  pi. 

XVII.  Seventeenth  Annual  Report  of  the  United  States  Geological  Survey,  1895-'9ri,  Charles  D. 
Wakotl.  Director.  1896.  8°.  3  pt.  in  4  vol.  xxii,1076  pp.,67  pl.and  maps;  xxv,8e4  pp.,113  pl.and 
maps:  xxiii..542  pp..S  pl.nml  mnp«:  iii..M:!-l(i5s  p,,.,ii-l:(  pi. 

I 


II  ADVERTISEMENT. 

XVIII.  Kighteenth  Auiuial  Report  of  the  United  States  Geologii-al  Survey,  lS96-'97,  Charles  D. 
Walcott,  Director.  1897.  (Parts  II  and  III,  1898.)  8°.  .ipt.inOvol.  ■140pp.,4pl.a  .dmaps;  v,G.i3pii., 
10.5  pi. and  maps:  v, 861  pp.,  118  pi. and  maps;  x. 7.5(1  pp.,  102  pi. and  maps;  xii,642pp.,lpl.;  643-1403pp. 

XIX.  Nineteenth  Annual  Report  of  the  United  States-Geological  Survey,  1897-'98,  Charles  D.  Wal- 
cott, Director.  1898.  (Parts  II,  III, and  V,  1899.)  8°.  C.  jit.  in  7  vol.  4-.>2  i)p.,2  raa:is;  v,9.58pp.,17J  pi. 
and  maps;  v,  785  pp.,  99  pi.  and  maps;  viii,  814  pp..  lis  pl.ard  niap^;  xvii,400  pp.,  UO  pl.and  ini'ps; 
viii,651  pp.,  11  pi.;  viii,  706  pp. 

XX.  Twentieth  Annual  Report  of  the  United  States  Geological  Survey,  189S-'99,  Charles  D.  WalcotJ, 
Director.  1899.  (Parts  II.III, IV,  V, and  VII, 1900.)  8°.  7  pt. in  8  vol.  551  pp.,  2  maps;  v. 953  pp., 
193  pi.  and  maps;  v, 595  pp.,  78  pi.  and  maps;  vii.  060  pp. ,  75  pi. and  maps;  x' x,  498  pp.,  1.59  pi.  and  n-aps; 
viii,G16pp.;  xi,804  pp.,1  pi.;  v, .509  pp.,  38  pi.  and  maps. 

XXI.  Twenty-first  Annual  Report  of  the  United  States  Geological  Survey.  IsDy-pjoo,  Clmrks  D. 
Walcott,  Director.    1900.    8°.    7  pt.  in  8  vol. 

.M0N()(;KAI'H.<. 

I.  Lake  Bonneville,  by  Grove  Karl  (iilbcrt.     I,s9(i.    4'.    xx,  4:)S  pp.    ,51  pi.    1  map.     Price  $1.. 50. 

II.  Tertiary  History  of  the  Grand  Canon  District,  with  Atlas,  by  Clarence  E.  Dutton,  Capt.,  U.S.A. 
1882.     4°.     xiv,  264  pp.     42  pi.  and  atlas  of  24  sheets  folio.     Price  $10.00. 

III.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  Atlas,  l)y  George  F.  Becker.  1882. 
4°.    XV,  422  pp.    7  pi.  and  atla-s  of  21  .sheets  folio.     Price  Sll.OO. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.    1883.    4°.     xiv,  451  pp.    :i  jil.     Price  SI. 50. 

V.  The  Copper-Bearing  Rocks  of  Lake  Superior,  by  Roland  Duer  IrviuK.  lss:i.  4".  xvi,  4il4  jip. 
15 1.    29  pi.  and  maps.    Price  81.85. 

VI.  Contributions  to  the  Knowledge  ni  the  ohler  Mesozoie  Flora  of  Virtfiiiin.  by  William  Morris 
Fontaine.    1883.    4°.    xi,  144  pp.    ,54  1.    .>4  iil.     Price  SI. 05. 

Vn.  Silver-Lead  Deposits  of  Eureka,  Xevada,  by  Jo.seph  Story  Curtis.  ISsl.  I-.  xiii,  200  pp.  16 
pi.    Price  S1.20. 

VIII.  Paleontology  of  the  Eureka  District,  by  Charles  Doolittle  Walcott.  issl.  i=.  xiii,  298  iip. 
24  1.     24  pi.     Price  Sl.lO. 

IX.  Brachiopoda  and  Lamellibranehiata  of  the  Raritan  Clay.s  and  Greensand  Minis  of  New  .Fersey, 
by  Robert  P.  Whitfield.    188.5.    4°.    xx,  338  pp.    35  pi.    1  map.     Price  81.15. 

X.  Dinocerata:  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  ( )tliniel  Charles  Mursh. 
1886.     4°.     xviii,243pp.    50  1.     56  pi.     Price  S2.70. 

XI.  Geological  History  of  Lake  Lahontan,  a  Quaternary  Lake  of  Northwestern  Xevada,  by  I-rael 
Cook  Russell.    1885.    4°.    xiv,  288  pp.    46  pi.  and  maps.    Price  SI. 75. 

XII.  Geology  and  Mining  Industry  of  Leadville,  Colorado,  with  Atlas,  by  Samuel  Franklin  Emmons. 
1886.    4°.    xxix,770pp.    45  pl.and  atlas  of  35  sheets  folio.     Price  $8.40. 

XIII.  Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Slope,  with  Atlas,  by  George  F.  Becker. 
1888.    4°.    xix,486pp.    7  pi.  and  atlas  of  14  sheets  folio.     Price  $2.00. 

XIV.  Fos-sil  Fishes  and  Fossil  Plants  of  the  Triassic  Rocks  of  New  Jersey  and  the  Connecticut  Val- 
ley, by  John  S.  Newberry.    1888.    4°.    xiv.  1.52  pp.    26  pi.     Price  $1.00. 

XV.  The  Potomac  or  Younger  Mesozoie  Flora,  by  William  Morris  Fontaine.  1889.  4°.  xiv.  377 
pp.    180  pi.    Text  and  plates  bound  separately.     Price  $2..50. 

XVI.  The  Paleozoic  Fishes  of  North  America,  by  John  Strong  Newbeiry.  18X9.  4=.  340  pp.  53  pi. 
Price  $1.00. 

XVII.  The  Flora  of  the  Dakota  Group, a  Posthumous  Work, by  Leo  Le.squereux.  Edited  by  F.  H. 
Knowlton.     1891.    4°.     400  pp.     66  pi.     Price  Sl.lO. 

XVIII.  Gasteropoda  and  Cephalopoda  of  the  Raritan  Clays  and  Greensand  Marls  <jf  New  .lersey, 
by  Robert  P.  Whitfield.    1891.    4°.    402  pp.    50  pi.    Price  $1.00. 

XIX.  The  Penokee  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  by  Roland  D.Irving 
and  C.  R.  Van  Hise.    1892.    4°.    xix,  .534  pp.    37  pi.    Price  S1.70. 

XX.  Geology  of  the  Eureka  District,  Nevada,  with  Atlas,  by  .\rnol(l  Hague.  1.S92.  4=.  x vii,  419  pp. 
8  pi.    Price  $5.25. 

XXI.  The  Tertiary  Rhynchophorous  Coleoptera  of  North  America,  by  Samuel  Hubbard  Scudder. 

1893.  4°.    xi,  206  pp.    18  pi.    Price  90  cents. 

XXII.  AManualof  Topographic  Methods,  by  Henry  (Jannett,  Chief  Topographer.  1893.  4°.  xiv, 
300  pp.    18  pi.    Price  $1.00. 

XXIII.  Geology  of  the  Green  Mountains  in  Mas.sachusetts,  by  Raphael  Puiniielly,  J.  K.  Wolff, 
and  T.  Nelson  Dale.    1894.    4°.    xiv,  206  pp.    23  pi.    Price  $1.30. 

XXIV.  Mollusca  and  Crustacea  of  the  Miocene  Formations  of  New  Jersey,  by  Roliert  Parr  Whitfield. 

1894.  4°.     195  pp.     24  pi.     Price  90  cents. 

XXV.  The  Glacial  Lake  Agassiz,  by  Warren  Uphara.    189.5.    4°.    xxiv,  6.58  pp.    38  pi.    Price  $1.70. 

XXVI.  Flora  of  the  Amboy  Clays,  by  John  Strong  Newberry;  a  Posthumous  Work,  edited  by 
Arthur  Hollick.    1895.    4°.    200  pp.    58  pi.    Price  $1.00. 

XXVII.  geology  of  the  Denver  Basin,  Colorado,  by  S.  F.  Emmons,  Whitman  Cross,  and  Ceorge  H. 
Eldridge.    1896.    4°.    5.56  pp.    31  pi.     Price  $1.. 50. 


ADVEKTISEMENT.  Ill 

XXVIII.  The  Miirciuette  Iron-Bearing  District  of  Michigan,  with  Atlas,  liy  r.  R.  Van  Ilisc  and  W. 
S.  Bnyley,  including  a  Chapter  on  the  Republic  Trough,  by  H.  L.  Smyth.  1MI7.  1°.  liOK  pj).  :-,r,p\. 
and  atlas  of  39  sheets  folio.     Price  $.5.7.5. 

XXIX.  Geology  of  Old  Hampshire  County,  Massachusetts,  comprising  Franklin.  Hampshire,  and 
Hampden  Counties,  by  Benjamin  Kendall  Kmer-son.    1898.    4°.    xxi,  790  pp.    35  pi.     Price  S1.90. 

XXX.  Fossil  Medusa-,  by  Charles  Doolittle  Walcott.    1898.    4°.    ix,  201  pp.    47  pi.     Price  $1.50. 

XXXI.  Geology  of  the  .Vspen  Mining  District,  Colorado,  with  Atlas,  by  Josiah  Edward  .'ipurr.  ls9S. 
4°.    XXXV,  260  pp.    43  pi.  and  atlas  of  30  sheets  folio.     Price  S;?.60. 

XXXII.  Geology  of  the  Yellowstone  National  Park,  Part  II,  Descriptive  Geology.  I'etniKraphy.  ami 
Paleontology,  by  Arnold  Hague,  J.  P.  Iddings,  W.  Harvey  Weed,  Charles  D.  Walcott,  O.  H.  Girty,  T.  W. 
Stanton,  and  F.  H.  Knowlton.    1899.    4°.    xvii,  893  pp.     121  pi.     Price  $2.45. 

XXXIII.  Geology  of  the  Xarragan.sett  Basin,  by  X.  S.  Shaler,  J.  B.  Woodworth,  and  August  F. 
Foerste.    1899.    4°.    xx,  402  pp.    31  pi.     Price  $1. 

XXXIV.  The  Glacial  Gravels  of  Maine  and  their  .Xssociated  Deposits,  by  (Jeorge  H.  stone.  is;i9. 
4°.    xiii,  499  pp.    .52  pi.     Price  $1.30. 

XXXV.  The  Later  Kxtinct  Floras  of  Xorth  America,  by  .lohn  .Strong  Newberry;  edited  by  .\rthur 
Hollick.     1898.     1°.     xviii,  295  pp.    (18  pi.     Price  $1.2.5. 

XXXVI.  The  Crystal  Falls  Iron-Bearing  District  of  Michigan,  by  J.  Morgan  Clements  and  lUury 
Lloyd  Smyth:  with  a  Chapter  on  the  Sturgeon  River  Tongue,  by  William  Shirley  Bayley,  luiil  an 
Introduction  by  Charles  Richard  Van  Hise.    1899.    4°.    xxxvi,  512  pp.    53  pi.     Price  $2. 

XXXVII.  Fossil  Flora  of  the  Lower  Coal  Measvires  of  Missouri,  by  David  W'hite.  1899.  4°.  xi, 
467  pp.     73  pi.     Price  $1.25. 

XXXVIII.  The  Illinois  Glacial  Lobe,  by  Frank  Leverett.    1899.    4°.    xxi,  817  pp.    24  pi.    Price  $1.60. 

XXXIX.  The  Eocene  and  Lower  Oligocene  Coral  Faunas  of  the  United  States,  with  Descriptions  of 
a  Few  Doubtfully  Cretaceous  Species,  by  T.  Wayland  Vaughan.    1900.    4°.    263  pp.    24  pi.    Price  $1.10. 

XL.  Adephagous  and  Clavicorn  Coleoptera  from  the  Tertiary  Deposits  at  Florissant,  Colorado,  with 
Descriptions  of  a  Few  Other  Forms  and  a  Systematic  List  of  the  Xon-Rhyncophorous  Tertiary 
Coleopteraof  North  America,  by  Samuel  Hubbard  Scudder.  1900.  4°.  148pp.  11  pi.  Price  80  cents. 
Ill  pnparatioii: 

—  Flora  of  the  Uiramie  and  Allied  Formations,  by  Frank  Hall  Knowlton. 

—  Glacial  Formations  and  Drainage  Features  of  the  Erie  and  Oliio  Basins,  tiy  Fnmk  Leverett. 

hlLLKTINS. 

1.  On  Hypersthene-Ande-site  and  on  Triclinic  Pyroxene  in  .Vugitic  Rocks,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  Buffalo  Peaks,  Colorado,  by  S.  F.  Emmons,  iss:!.  fif^.  42  pp.  2  \<].  Price  10 
cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  Coining  Value  of  'i'roy  oiuices  of  Fine  Metal,  etc., 
comptited  by  Albert  Williams,  jr.     1883.    8°.    8  pp.     Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  Meridian  of  76°  30'.  from  Tompkins  County, 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henrys.  Williams.     1884.    8°.    36  pp.     Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charies  A.  White.     Isvi.    ,so.    :i6  pp.    y  pi.     I'rice  5  cents. 

6.  A  Dictionary  of  Altitudes  in  the  United  states,  compiled  by  Ihiiry  i;annett.  18M.  ,s\  325  jip. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  . I.  W.  Spencer.     1884.    .s^.    43  pp.     Price  5  cent.s. 

7.  Mapoteca  Geologica  .\mcricana:  ,\  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  in  Geographic  and  Chronologic  Order,  by  .Jules  Mareou  and  .John  Belknap  Marcou.  1S84. 
8°.    181pp.    Price  10  cents. 

8.  On  Secondary  Enlargements  of  .Mineral  Fragments  In  Ceriain  Kocks,  liy  K.  li.  Irving  and  c.  U. 
Van  Hise.     1884.    8°.     .56  pp.     6  pi.     Price  10  cents. 

9.  \  Report  of  Work  done  in  the  Washingtoit  Laboratory  during  tlie  Fiscal  Year  1NS3-'M.  K.  W. 
Clarke,  Chief  Chemist.    T.  M.Chatard.  Assistant  Chemist.    1884.    8°.    40  pp.     Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  Ameri<'a.  Preliminary  Stu<iies,  by  Charles  Doolittle  Walcoit. 
188.I.    8°.    74  pp.    10  pi.     Price  5  cent.s. 

11.  On  the  Quaternary  and  Recent  Mollusca  of  the  Great  Basin,  with  Descriptions  of  New  Forms, 
by  R.  Ellsworth  Call.  Introduced  by  a  Sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  (;.  K. 
Gilbert.     1884.     8°.     66  pp.     6  pi.     Price  Scents. 

12.  A  Crystallographic  Study  of  theThiiiolilr  of  Ijike  Lahontan.  by  Edward  s.  Daim.  |s>-l.  h°. 
34  pp.    3  pi.     Price  5  cents. 

13.  Boundaries  of  the  United  Suites  and  nf  tlie  .several  States  and  Territories,  wiili  a  Historical 
Sketchof  the  Territorial  Changes,  by  Henry  (iannetl.    1885.   8°.    l:t5  pp.    Price  10  cents.  (Exhausted.) 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barus  an<l  Vincent 
Strouhal.    1885.    8°.    2:i8  pp.     Price  15  cents. 

15.  On  the  Mesozoic  and  Cenozoic  Paleontology  of  ('alifornia,  by  (harics  A.  Wliite.  18.s5.  s'\  33  pp. 
Price  .5  cents. 

16.  On  the  Higher  Devonian  Faunas  of  oiiiario  Coumy,  Nvw  York,  by  .b)liu  M.  Clarke.  1.S8.5.  .S° 
86  pp.    3  pi.     Price  5  cents. 
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17.  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  Washoe.  Nevada,  with  notes  on 
theGeologyof  the  District,  by  Arnold  Hague  and  Joseph  P.  Iddings.    188.5.    8°.  44  pp.    Price  5  cents. 

IS.  On  Marine  Eocene,  Fresh-Water  Miocene,  and  Other  Fossil  Mollusca  of  Western  North  America, 
by  Charles  A.  White.    188.5.    8°.    26  pp.    3  pi.     Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  George  F.  Becker.  188.5.  8°.  28  pp.  Price  5  cents. 
(Exhausted.) 

20.  Contributions  to  the  Mineralogy  of  the  Rocky  Mountains,  ]>y  Wliitman  Cross  mid  W.  F.  Hille- 
brand.    1885.    8°.    lU  pp.    1  pi.    Price  10  cents. 

21.  The  Lignites  of  the  Great  Sioux  Reservation.  A  Report  on  the  Region  between  the  Grand  and 
Moreau  Rivers,  Dakota,  by  Bailey  Willis.    1885.    8°.    16  pp.    5  pi.     Price  5  cents. 

22.  On  New  Cretaceous  Fossils  from  California,  by  Charles  A.  White.  18&5.  8°.  25  pp.  5  pi. 
Priceocent.s. 

23.  Observations  on  the  Junction  between  the  Eastern  Sandstone  and  tlio  Keweenaw  Scries  on 
Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  <'.  Chamberlin.  1885.  8°.  124  i)p.  17  pi. 
Price  15  cents. 

24.  List  of  Marine  Mollusca,  comprising  the  Quaternary  Fo.ssils  and  Reix'nt  Forms  from  American 
Localities  between  Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas,  by  William  Healy  Dall. 
188.5.    8°.    33i)pp.    Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  tlu'  rniinl  states,  l)y  Phineas  Barnes. 
1885.    8°.    8.5  pp.     Price  10  cent.s. 

2t;.  Copper  Smelting,  by  Henry  M.  Howe.    188.5.    ii°.    107  i)p.     Price  10  cents. 

27.  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal  Year 
l8S4-'85.    1886.    8°.    80  pp.    Price  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  Neighborhood  of  Baltimore, 
Maryland,  by  George  Huntington  Williams.    1886.    8°.    78  pp.    4  i>l.     Price  10  cents. 

29.  On  the  Fresh-Water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
8°.    41  pp.    4  pi.    Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles  Doo- 
little  Walcott.    1886.    8°.    369  pp.    3;j  pi.     Price  25  cents. 

31.  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapods  and  Arach- 
nids, by  Samuel  Hubbard  Scudder.    1886.    8°.    128  pp.    Price  15  cents. 

32.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States  (a  Preliminary  Study  i,  by  Albert 
C.  Peale.    1886.    8°.    235  pp.    Price  20  cents. 

;«.  Notes  on  theGeologyof  Northern  California,  by  J.  S.  Diller.     1886.    8°.    23  pp.     Price  5  cents. 

34.  On  the  Relaticm  of  the  Laramie  MoUuscan  Fauna  to  that  of  the  Succeeding  Fresh- Water  Eocene 
and  Other  Groups,  by  Charles  A.  White.    1886.    8°.    .54  pp.    5  pi.     Price  10  cents. 

3.5.  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent  Strouhal.  1886.  8°.  62 
pp.    Price  10  cents. 

36.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Barus.     1886.    8°.    58  pp.     Price  10  cents. 

37.  TM)es  of  the  Laramie  Flora,  by  Lester  F.  Ward.    1887.    8°.    3.54  pp.    57  pi.     Price  25  cents. 

38.  Peridotite  of  Elliott  County.  Kentucky,  by  J.  S.  Diller.    1887.    8°.    31pp.    1  pi.     Price  5  cents. 

39.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  by  Warren  Upham.  1887.  8°.  84 
pp.    1  pi.    Price  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  Willis.  1887. 
8°.    10  pp.    4  pi.    Price  5  cents. 

41.  On  the  Fossil  Faunas  of  the  Upper  Devonian — the  Genesee  Section,  New  York,  by  Henry  S. 
Williams.    1887.    8°.    121  pp.    4  pi.    Price  15  cents. 

42.  Report  of  Work  done  in  the  Divi.sion  of  Chemistry  and  Physics,  mainly  during  the  Fiscal  Y'ear 
188.5-'86.    F.  W.  Clarke,  Chief  Chemist.    1887.    8°.    152  pp.    1  pi.     Price  15  cents. 

43.  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbce,  and  Alabama  Rivers,  by  Eugene 
A.  Smith  and  Lawrence  C.  Johnson.    1887.    8°.    189  pp.    21  pi.    Price  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  H.  Darton.  1887.  8°.  35  pp. 
Price  5  cents. 

45.  The  Present  Condition  of  Knowledge  of  the  Geology  of  Texas,  by  Robert  T.  Hill.  1887.  8°.  94 
pp.    Price  10  cents. 

46.  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,  by  R.  A.  K.  Penrose,  jr.,  witli  an  Introduo 
tion  by  N.  S.  Shaler.    1888.    8°.    143  pp.    Price  15  cents. 

47.  Analyses  of  Waters  of  the  Y'ellowstone  National  Park,  with  an  Account  of  the  Methods  of 
Analysis  employed,  by  Frank  Austin  Gooch  and  James  Edward  Whitfield.  1888.  8°.  84  pp.  Price 
10  cents. 

48.  On  the  Form  and  Position  of  the  Sea  Level,  by  Robert  Simpson  Woodward.  1888.  8°.  88  pp. 
Price  10  cents. 

49.  Latitudes  and  Longitudes  of  Certain  Points  in  Missouri,  Kansas,  and  New  Mexico,  by  Robert 
Simpson  Woodward.    1889.    8°.    133  pp.     Price  15  cents. 

.50.  Formulas  and  Tables  to  facilitate  the  Construction  and  Use  of  Maps.  l>y  Robert  Simpson  Wood- 
ward.   1889.    8°.    124  pp.    Price  15  cents. 

51.  On  Invertebrate  Fossils  from  the  Pacific  Coast,  by  Charles  .\biathur  White.  1889.  S°.  102  pp. 
14  pi.    Price  15  cants. 
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52.  Subaerial  Decay  of  Rocks  and  Origin  of  the  Kcd  Color  of  Certain  Formations,  by  Israel  Cook 
Eussell.    1889.    8«.    65  pp.    5  pi.     Price  10  cents. 

53.  The  Geology  of  Nantucket,  by  Xathaniel  Southgato  .Shaler.  1889.  8°.  .V>  pp.  lOpl.  Price  10 
cents. 

54.  On  the  Thermo-Electric  Measurement  of  High  Temperatures,  by  Carl  Barns.  1889.  s^.  313  pp. 
ind.  1  pi.    11  pi.    Price  25  cents. 

55.  Report  of  Work  done  in  the  Divisioii  of  Chemistry  and  Physics,  mainly  during  the  Fiscal  Year 
1886-'87.    Frank  Wigglesworth  Clarke,  Chief  Chemist.    1889.    8°.    96  pp.     Price  10  cents. 

56.  Fossil  Wood  and  Lignite  of  the  Potomac  Formation,  by  Frank  Hall  Knowlton.  1889.  8°.  72  pp. 
7  pi.    Price  10  cents. 

57.  A  Geological  Refonnois-saiu'e  in  Southwestern  Kansas,  by  Robert  Hay.  1.S90.  8°.  ■19  pp.  2  pi. 
Price  o  cents. 

58.  The  Glacial  Boundary  in  Western  Pennsylvania,  Ohio,  Kentucky,  Indiana,  and  lUinoiB,  by  George 
Frederick  Wright,  with  an  Introduction  by  Thomas  Ohrovvder  Chamberlin.  1890.  8°.  112  pp.  8  pi. 
Price  15  cents. 

.^9.  The  Gabbros  and  Associated  Rocks  in  Delaware,  by  Frederick  1).  Chester.  1890.  K°.  15  pp. 
1  pi.    Price  10  cents. 

60.  Report  of  Work  done  in  the  Division  of  Chemistry  and  Phy-sics,  mainly  during  the  Fiscal  Year 
1887-'88.     F.  W.  Clarke,  Chief  Chemi.st.    1890.    8°.    174  pp.    Price  15  cents. 

61.  Contributions  to  the  Mineralogy  of  the  Pacific  Coast,  by  William  Harlow  Melville  and  Waldemar 
Lindgren.    1890.    8°.    -10  pp.    3  pi.    Price  5  cents. 

62.  The  Greenstone  Schist  Areas  of  the  Menominee  and  Marquette  Regions  of  Michigan  ;  a  Contri- 
bution to  the  Subject  of  Dynamic  MetamorphLsm  in  Eruptive  Rocks,  by  George  Huntington  Williams ; 
with  an  Introduction  by  Roland  Duer  Irving.    1890.    8°.    241  pp.    16  pi.    Price  30  cents. 

63.  A  Bibliography  of  Paleozoic  Crustacea  from  1698  to  1889,  including  a  List  of  North  American 
Species  and  a  Systematic  Arrangement  of  Genera,  by  Anthony  W.  Vogdes.  1890.  8°.  177  pp.  Price 
15  cents. 

64.  A  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fiscal  Y'ear 
1888-'S9.    F.  W.  Clarke,  Chief  Chemist.    1890.    8°.    60  pp.    Price  10  cents. 

65.  Stratigraphy  of  ths  Bituminous  Coal  Field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  Israel 
C.White.    1891.    8°.    212pp.    11  pi.    Price 20 cents.    (Exhau.sted.) 

66.  On  a  Group  of  Volcanic  Rocks  from  the  Tewan  Mountains,  New  Mexico,  and  on  the  Occurrence 
of  Primary  Quartz  in  Certain  Basalts,  by  Joseph  Paxson  Iddings.    1890.    8°.    34  pp.    Price  5  cents. 

67.  The  Relations  of  the  Traps  of  the  Newark  System  in  the  New  Jersey  Region,  by  Nelson  Horatio 
Darton.    1890.    8°.    82  pp.    Price  10  cents. 

68.  Earthquakes  in  California  in  1889,  by  James  Edward  Keeler.    1890.    8°.    25  pp.     Price  5  cents. 

69.  .V  Clas.sed  and  Annotated  Bibliography  of  Fossil  Insects,  by  Samuel  Hubbard  Scudder.  1890. 
8°.    101  pp.    Price  15  cenu. 

70.  Report  on  Astronomical  Work  of  1889  and  1890,  by  Robert  Simpson  Woodward.  1890.  8°.  79  pp. 
Price  10  cents. 

71.  Index  to  the  Known  Fossil  In.sects  of  the  World,  including  Myriapods  and  Arachnids,  by  Samuel 
Hubbard  Scudder.    1891.    8°.    744  pp.     i'rice  50  cents. 

72.  .\ltitudes  between  Lake  Superior  and  the  Kocky  Mountains,  by  Warren  rphani.  1891.  8". 
229  pp.     Price  20  cents. 

73.  The  Viscosity  of  Solids,  by  Carl  Barns.     1891.    8°.    xii,  139  pp.    6  pi.     Price  15  cents. 

71.  The  Minerals  of  North  Carolina,  by  Frederick  Augustus  Genth.  1891.  8°.  119  pp.  Price  15 
cents. 

7.5.  Record  of  North  American  Geology  for  1887  to  1889,  inclusive,  l)y  Nelson  Horatio  Darton.  Isgi. 
8°.    173  pp.    Price  15  cents. 

76.  A  Dictionary  of  Altitudes  in  the  United  States  (Second  Kditioni,  compiled  Ijy  Henry  (i.innett. 
Chief  Topographer.    1891.    8°.    393  pp.    Pri<'e  25  cents. 

77.  The  Texan  Permian  and  its  Mesozoic  Types  of  Fossils,  by  Charles  A.  White.  Is'.H.  S  .  .^il  i>[). 
4  pi.     Price  10  cents. 

78.  .\  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  <luring  thr  Fiscal 
Year  1889-'90.    F.  W.  Clarke,  Chief  Chemist.     l«n.    8°.     131pp.     Price  15  cent.s. 

79.  A  Lnte  Volcanic  Eruption  in  Northern  California  and  it.s  Peculiar  Lava,  by  J.  S.  Diller.  isgi. 
8°.    33  pp.    17  pi.    Price  10  cent.s. 

80.  Correlation  Papers— Devonian  and  Carboniferous,  by  Henry  Shalcr  Williams.  1,h91.  v".  279  pp. 
Price  20  cents. 

81.  Correlation  Papers— Cambrian,  by  Charles  Doolittle  Walcott.  Is91.  .s'^.  117  i>p.  :!  pi.  Price 
25cents.    (l-,.\hausted.) 

82.  Correlation  Papers— Cretaceous,  by  Charles  A.  White.     1891.    8°.    273  pp.    3  pi.     Price  20  cents. 

83.  Correlatiim  Papers— Eocene,  by  William  Bullock  Clark.    1891.    8°.     173  pp.    2  pi.    Price  15centa. 

84.  Correlation  Papers— Neocene,  by  W.  H.  Dall  and  G.  D.  Harris.     1S<V2.     8°.     349  pp.     3  pi.     Price 

85.  Correlation  Papers— The  Newark  Svslem.  by  Israel  Cook  Russell.  1892.  s=.  344  p|>.  13  pi. 
Price  2.%  cents. 
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SC.  Correlation  Papers— Archean  and    Alsonkian.  by  C.  R.  Van  Hi.se.     1MV2.     >>°.     hi'}  VV-     l^  pl- 
Price  25  cents.     (Exhuusteit. ) 

87.  A  Synopsis  of  American  Fossil  BrachioiKxla.  inelndinK  Bil)liiit.'rii|ihy  ami  .Synonymy,  liy  Charles 
Schuchert.    1897.    8°.    464  pp.    Price  2.5  cents. 

88.  The  Cretaceous  Foraminifera  of  New  .Jersey,  tiy  Knl'ns  Mather  Basg,  jr.    1S98.    s^.     SHpp.    tl  pl. 
Price  10  cents. 

89.  Some  Lava  Flows  of  the  Western  Sl()i>e  of  the  Sierra  Nevada.  California,  by  F.  Leslie  Ransome. 
1898.     8°.     74  pp.     11  pl.     Price  15  cents. 

90.  A  Report  of  Work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  Fi>«al 
Year  1890-'91.     F.  W.  Clarke,  Chief  Chemist.    1892.    8°.    77  pp.     Price  10  cents. 

91.  Record  of  North  American  Geology  for  1890,  by  Nelson  Horatio  Darton.    1891.    8°.    88iip.     Price 
10  cents. 

92.  The  Compressibility  of  Liquids,  by  Carl  Bams.    1892.    8°.    9(i  pp.    29  pi.     Price  10  cents. 

93.  Some  Insects  of  Special  Interest  from  Floris.sant.  Colorado,  and  Other  Points  in  the  Tertiaries 
of  Colorado  and  Utah,  by  Samuel  Hubbard  Scudder.    1892.    8°.    35  pp.    3  pl.    Price  5  cents. 

94.  The  Mechanism  of  Solid  Viscosity,  by  Carl  Barns.    1892.    8°.    138  pp.    Price  15  cents. 

95.  Earthquakes  in  California  in  1890  and  1891,  by  Kdward  Singleton  Holden.    1892.    8°.    srpp. 
Price  5  cents. 

9C.  The  Volume  Thermodynamics  of  I,i(|iiiils.  by  Carl  Barns.     1892.     ^■^.     100  pp.     Price  10  cents. 

97.  The  Mesozoic  Echinodcrmata  f>f  the  Cniled  states,  by  William  Bullock  Clark,     1S<«.     8°.     207 
pp.    .50  pl.    Price  20  cents. 

98.  Flora  of  the  Outlying  Carbcmiferons  Basins  of  SonthHcsiern  Mis.sonri.  by  David  White.    I<s93. 
8°.    139  pp.    5  pi.     Price  15  cent.«. 

99.  Record  of  North  American  Geology  for   l.s91,  by  Nelson  Horatio  Darton.     IS92.    k°.    7;i  pp. 
Price  lOcent.s. 

100.  Bibliography  and  Index  of  the  Publications  of  the  V.  S.  (ieological  Survey,  1879-lsy2,  by  Philip 
Creveling  Warman.     1893.     8°.     495  pp.     Price  25  cents. 

101.  Insect  Fauna  of  the  Rhode  Island  Coal  Field,  by  Samuel  Hubbard  Scudder.    1893.    8°.    27  pp. 
2  pi.     Price  5  cents. 

102.  A  Catalogue  and  Bibliography  of  North  .\meri<'an  Mesozoic  Invertebrata,  by  Cornelius  Breck- 
.inridge  Boyle.    1893.    8°.    315  pp.     Price  25  cents. 

103.  High  Temperature  Work  in  Igneous  Fusion  and  Kbullition,  chiefly  in  Relation  to  Pressure,  by 
Carl  Barus.    1893.    8°.    57  pp.    9  pl.    Price  10  cents. 

104.  Glaciation  of  the  Yellowstone  Valley  north  of  the  Park,  by  Walter  Harvey  Weed.    1893,    8^. 
41  pp.    4  pi.     Price  5  cents. 

105.  The  Laramie  and  the  Overlying  Livingston  Formation  in  Montana,  by  Walter  Harvey  Weed, 
with  Report  on  Flora,  by  Frank  Hall  Knowlton.    1893.    8°.    68  pp.    6  pl.     Price  10  cents. 

106.  The  Colorado  Formation  and  its  Invertebrate  Fauna,  by  T.  W.  Stanton.    1893.    8°.'    288  pp. 
45  pi.     Price  20  cents. 

107.  The  Trap  Dikes  of  the  Lake  Champlain  Region,  by  .lames  Fnrman  Kemp  and  Vernon  Free- 
man Marsters.    1893.    8°.    62  pp.    4  pi.     Price  10  cents. 

108.  A  Geological  Reconnoissance  in  Central  Washington,  by  Israel  Cook  Russell.    1893.    .s°.    Ids  pp. 
12  pi.     Price  15  cents. 

109.  The  Eruptive  and  Sedimentary  Rocks  on  Pigeon  Point.  Minnesota,  and  their  Contact  Phenom- 
ena, by  William  Shirley  Bayley.    1893.    8°.    121  pp.    10  pl.     Price  15  cents. 

110.  The  Paleozoic  Section  in  the  Vicinity  of  Three  Forks,  Montana,  by  Albert  Charies  Peale.     1893. 
8°.    56  pp.    6  pi.    Price  10  cents. 

111.  Geology  of  the  Big  Stone  Gap  Coal  Field  of  Virginia  ami  Kentucky,  by  Marius  K.  Camiibdl. 
1893.    8°.    106  pp.    6pl.     Price  15  cents. 

112.  Earthquakes  in  California  in  1892,  by  Charles  D.  Perrine.    1893.    8-^.    .57  pp.    Price  10  cents. 

113.  X  Report  of  Work  done  in  the  Division  of  Chemistry  during  the  Fiscal  Years  1891-'92  and 
1892-93.    F.  W.  Clarke,  Chief  Chemist.    1893.    8°.    115  pp.    Price  15  cents. 

114.  Earthquakes  in  California  in  1893,  by  Charles  D.  Perrine.    1894,    8°.     23  pp.    Price  5  cents. 

115.  A  Geographic  Dictionary  of  Rho<le  Island,  by  Henry  Gannett.    1894.    8°.    31  pp.    Price  5  cents. 

116.  A  Geographic  Dictionary  of  Massachusetts,  by  Henry  Gannett.    1894.    8°.    126  pp.    Price  15 
cents. 

117.  A  Geographic  Dictionary  of  Connecticut,  by  Henry  Gannett.    1894.    8°.    67pp.    Price  10  cents. 

118.  A  Geographic  Dictionary  of  New  Jersey,  by  Henry  Gannett.    1894.    8°.    131  pp.    Price  15  cents. 

119.  A  Geological  Reconnoissancc  in  Northwest  Wyoming,  by  George  Homans  Eldridge.    1894.    8°. 
72  pp.    4  pl.     Price  10  cents. 

120.  The  Devonian  System  of  Eastern  Pennsylvania  and  New  York,  by  Charles  S.  Prosser.    1895 
8°.    81  pp.    2  pl.    Price  10  cents. 

121.  ^  Bibliography  of  North  American  Paleontology,  by  Charles  Kollin  Keyes.    1894.    8°.    251pp. 
Price  20  cents. 

122.  Results  of  Primary  Triangulation,  by  Henry  Gannett.    ]H'.t4.    8°.    412  pp.    17  pi.     Price  25 

123.  A  Dictionary  of  Geographic  Positions,  by  Henry  (iannelt.     1895.     K°.     1^3  pp.     1  pl.     Price  15 


ADVKRTISEMENT.  VTI 

124.  Revision  of  North  American  Fossil  Cockroaches,  by  Samuel  Hubbanl  Sciulder.     lW»i.    s  \     17G 
pp.    12  pi.    Price  l.T  cents. 

125.  The  Constitution  of  the  Silicates,  by  Frank  Wigglesworth  Clarke.     WX).    s^.    109  pp.     Price  15 
cents. 

126.  A  Mineralogical  Lexicon  of  Franklin,  Hampshire,  and  Hampden  Counties,  Massachusetts,  by 
Benjamin  Kendall  Emerson.    189.5.    8°.    180  pp.    1  pi.    Price  15  eent.s. 

127.  Catalogue  and  Index  of  Contributions  to  North  American  Geology,   1732-1891,  by  Nelson 
Horatio  Darton.    189(>.    8°.    1045  pp.     Price  60  cents. 

128.  The  Bear  River  Formation  and  its  Characteristic  Fauna,  by  Charles  A.  White.     1895.    8°.    108 
pp.    11  pi.     Price  15  cents. 

129.  Earthquakes  in  California  in  1894,  by  Charle.s  D.  Perrine.     1895.    H°.    25  pp.     Price  5  cents. 

130.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Mineralogy 
for  1892  and  1893,  by  Fred  Boughton  Weeks.    189C.    8°.    210  pp.     Price  20  cents. 

131.  Report  of  Progress  of  the  Division  of  Hydrography  for  the  Calendar  Years  1893  and  ls94.  by 
Frederick  Haynes  Newell,  Topographer  in  Charge.    1895.    8°.    126  pp.    Price  15  cents. 

132.  The  Disseminated  Lead  Ores  of  Southeastern  Missouri,  by  Arthur  Winslow.    1896.     so.    :n  pp. 
Price  5  cents. 

133.  Contributions  to  the  Cretaceous  Paleontology  of  the  Pacific  Coast:  The  Fauna  of  the  Knoxville 
Beds,  by  T.  W.  Stanton.    1895.    8°.    132  pp.    20  pi.    Price  15  cents. 

134.  The  Cambrian  Rocks  of  Pennsylvania,  by  Charles  Doolittle  Walcott.    1896.    s'^.    43  pp.    15  pi. 
Price  5  cents. 

135.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Mineralogy 
forthe  Year  1894,  by  F.B.  Weeks.    1896.    ,8°.    141pp.     Price  15  cents. 

136.  Volcanic  Rocks  of  South  Mountain,  Pcniisylviiiiia,  by  Florence  Basconi.    1896.    N".    124  i)p.    28 
pi.    Price  15  cents. 

137.  The  Geology  of  the  Fort  Riley  Military  Reservation  and  Vicinity,  Kansas,  by  Robert   Hay. 
1896.    8°.    35  pp.    8  pi.    Price  5 cents. 

138.  Arte.s'ian-Well  Prospects  in  the  Atlantic  Coastal  Plain  Region,  by  N'.  H.  Darton.    1896.     s°.    228 
pp.    19  pi.    Price  20  cents. 

139.  Geology  of  the  Castle  Mountain  Mining  District.  Montana,  by  \V.  H.  Weed  and   L.  V.  Pirsscm. 
1896.    8°.    164  pp.    17  pi.     Price  15  cents. 

140.  Report  of  Progress  of  the  Division  of  Hydrography  for  the  Calendar  Year  Isy.'i,  by  FrcdiTiik 
Haynes  Newell.  Hydrographer  in  Charge.    1896.    8°.    3.56  pp.    Price  25cents. 

141.  The  Eocene  Deposits  of  the  Middle  Atlantic  Slope  in  Delaware,  Maryland,  and  Virginia,  by 
William  Bullock  Clark.    1896.    8°.    167  pp.    40  pi.     Price  15  cents. 

142.  A  Brief  Contribution  to  the  Geology  and  Paleontology  of  Northwestern  Louisiana,  by  T.  Way- 
land  Vaughan.    1896.    8°.    65  pp.    4  pi.    Price  10  cents. 

143.  A  Bibliography  of  Clays  and  the  Ceramic  Arts,  by  John  C.  Branner.    1896.    .s°.     Ill  pp.     I'ri<c 
15  cents. 

144.  The  Moraines  of  the  Missouri  Coteau  and  th.ir  .Vticndant  Deposits,  by  .lames  Edward   INidd. 
1896.    8°.    71  pp.    21  pi.    Price  10  cents. 

14.5.  The  Potomac  Formation  in  Virginia,  by  W.  M.  Fontaine.  1.S96.  8°.  119  pp.   2  \<l.    Price  l.'i  cents. 

146.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Mineralogy 
for  the  Year  1895,  by  F.  B.  Weeks.    1896.    8°.    130  pp.     Price  15  cents. 

147.  Earthquakes  in  California  in  1,895,  by  Charles  D.  Perrine,  Assistant  .Vstronomer  in  Charge  of 
Earth(iuake  Observations  at  the  Lick  Observatory.    1896.    8°.    23  pp.     Price  5  cents. 

148.  Analyses  of  Rocks,  with  a  Chapter  on  .Vnalytical  Methods,  Laboratory  of  the  United  Stafes 
GeologicalSurvey,  1880  to  1896.  by  F.W.Clarke  and  W.  F.  Hillebrand.    1897.    8°.    306pp.   Price20cents. 

149.  Bibliography  and  Indc.K  of  North  American  Geology,  Paleontology,  I'etrology,  and  Mineralogy 
for  the  Year  1.H96,  by  Fred  Boughton  Weeks.     IS97.    8°.     1.52  pp.     Price  15  cents. 

1.50.  The  Educational  .'Series  of  Rock  Specimens  Collect<'d  and  Distributed  by  the  fnited  Slates 
Geological  Survey,  by  , Joseph  Silas  Diller.     1898.    8°.    400  i>p.     17  pi.     Price  25  cents. 

151.  The  Lower  Cretaceous  Grypha-as  of  the  Texas  Region,  by  K.  T.  Hill  and  T.  Wayland  Vauglian. 
1898.    8°.    139  pp.    35  pi.     Price  15  cents. 

152.  A  Catalogue  of  the  Cretaceous  and  Tertiary  Plant,s  of  North  America,  by  F.  II.   Knowlton. 
1898.    8°.    247  pp.     Price  20  cents. 

153.  A  Bibliographic  Index  of  North  American  Carboniferous  Invertebrates,  by  Stuart  Weller.    1SU8. 
H".    a53  pp.     Price  35  cents. 

154.  A  Gazetteer  of  Kansas,  by  Henry  Gannett.    1898.    8°.    246  pp.    6  pi.     Price  20  cents. 

155.  Earthquakes  in  California  in  1896  and  1897,  by  Charles  D.  Perrine,  Assistant  Astronomer  in 
Charge  of  EartlKiuake  Observations  at  the  Lick  Observatory.    1898.    8°.    47  pp.     Price  5  cents. 

1.56.  Bibliography  and  Index  of  North  American  Geology,  Paleontology,  Petrology,  and  Mineralogy 
forthe  Year  1897,  by  Fred  Boughton  Weeks.     1898.    .so.    130  pp.     Price  15  cents. 

1.57.  The  Gneis.ses,  Gabbro-Schists,  and  Associated  Rocks  of  Southwestern  Minnesota,  by  Christopher 
Webber  Hall.    1899.    8°.    160  pp.    27  pi.     Price  45  cents. 

158.  The  Moraines  of  Southeastern  South  Dakota  and  their  Attendant  Deposits,  by  .lames  Edward 
Todd.    1899.    8°.    171pp.    27  pi.     Price  25  cents. 

159,  The  Geology  of  Eastern  Berkshire  Comity,  Mas.sachusetls,  by  B.  K.  Emerson,     isyy.    8°.    139 
pp.    9  pi.    Prii'e  20  cents. 


YIII  ADVERTISEMENT. 

IGO.  A  Dictionarr  of  Altitudes  in  tlie  United  States  (Third  Edition),  compiled  by  Henry  Gannett. 
1899.    8°.     775  pp.     Price  49  cents. 

161.  Earthquakes  in  California  in  1898,  by  Charles  D.  Perrine,  Assistant  Astronomer  in  Charge  of 
Earthquake  Observations  at  the  Lick  Observatory.    1899.    8°.    31  pp.    1  pi.    Price  5  cents. 

162.  Bibliography  and  Index  of  Xorth  American  Geology,  Paleontology,  Petrology,  and  Mineralogy 
for  the  Year  1898,  by  Fred  Boughton  Weeks.    1899.    8°.    163  pp.     Price  15  cents. 

163.  Flora  of  the  Montana  Formatian,  by  Frank  Hall  Knowlton.  1900.  8°.  118  pp.  19  pi.  Price 
15  cents 

164.  Reconnaissance  in  the  Rio  Grande  Coal  Fields  of  Texas,  by  Thomas  Wayland  Vaughan,  includ- 
ing a  Report  on  Igneous  Rocks  from  the  San  Carlos  Coal  Field,  by  E.  C.  E.  Lord.  1900.  8°.  100  pp. 
11  pi.  and  maps.    Price  20  cents. 

165.  Contributions  to  the  Geology  of  Maine,  by  Henry  S.  Williams  and  Herbert  E.  Gregory.  1900. 
8°.    212  pp.    14  pi.    Price  25  cents. 

166.  A  Gazetteer  of  Utah,  by  Henry  Gannett.    1900.    8°.    43  [jp.     lump.     Price  15  cents. 

167.  Contributions  to  Chemistry  and  Mineralogy  from  the  L;il"UMi.My  .1  I  lie  United  States  Geolog- 
ical Survey;  Frank  W.  Clarke,  Chief  Chemist.    1900.    8°.    1(11,  |.|.      lib.    iMi'nts. 

168.  Analyses  of  Rocks,  Laboratory  of  the  United  States  Ui()1..l.m(  al  Mu\ey,  1880  to  1899,  tabulated 
by  F.W.Clarke,  Chief  Chemist.    1900.    8°.    308  pp.    Price  20  cents. 

169.  Altitudes  in  Alaska,  by  Henry  Gannett.    1900.    8°.    13  pp.    Price  5  cents. 

170.  Survey  of  the  Boundary  Line  between  Idaho  and  Montana  from  the  International  Boundary 
to  the  Crest  of  the  Bitterroot  Mountains,  by  Richard  UrquhartGoode.  1900.  8°.  67  pp.  U  pi.  Price 
15  cents. 

171.  Boundaries  of  the  United  States  and  of  the  Several  States  and  Territories,  with  an  Outline  of 
the  History  of  all  Important  Changes  of  Territory  (Second  Edition),  by  Henry  Gannett.  1900.  8°. 
142  pp.    .53  pi.     Price  30  cents. 

172.  Bibliography  and  Index  of  Xorth  American  Geology,  Paleontology,  Petrology,  and  Mineralogy 
for  the  Year  1899.  by  Fred  Boughton  Weeks.    1900.    8°.    141  pp.    Price  15  cents. 

173.  Synopsis  of  American  Fos,sil  Bryozoa,  including  Bibliography  and  Synonymy,  by  .lohn  M. 
Nickles  and  Ray  S.  Bassler.    1900.    8°.    663  pp.    Price  40  cents. 

174.  Survey  of  the  Northwestern  Boundary  of  the  United  States,  1857-1861,  by  Marcus  Baker.  1900. 
8°.    78  pp.    1  pi.    Price  10  cents. 

175.  Triangulation  and  Spirit  Leveling  in  Indian  Territory,  by  C.  H.  Fitch.  1900.  8°.  141pp.  1  pi. 
Price  10  cents. 

176.  Some  Principles  and  Methods  of  Rock  Analysis,  by  W.  F.  Hillobrand.  1900.  8°.  114  pp. 
Price  15  cents. 

178.  The  El  Paso  Tin  Deposits,  by  Walter  Harvey  Weed.    1901.    .s°.    15  pp.     1  pi.     Price  5  cents. 
In  press: 

177.  Catalogue  and  Index  of  Publications  of  U.  S.  Geological  t^urvey.  1880-1901,  by  P.  C.  Warraan. 
Til  preparation: 

—.  Bibliography  and  Catalogue  of  the  Fossil  Vertebrata  of  Xorth  America,  by  Oliver  Perry  Hay. 

WATER-SUPPLY  AND  IRRIGATION  PAPERS. 

By  act  of  Congress  approved  June  11,  1896,  the  following  provision  was  made : 

"Provided,  That  hereafter  the  reports  of  the  Geological  Survey  in  relation  to  the  gauging  of 
streams  and  to  the  methods  of  utilizing  the  water  resources  may  be  printed  in  octavo  form,  not  to 
exceed  one  hundred  pages  in  length  and  five  thousand  copies  in  number;  one  thousand  copies  of 
which  shall  be  for  the  official  use  of  the  Geological  Survey,  one  thousand  five  hundred  copies  shall  be 
delivered  to  the  .Senate,  and  two  thousand  five  hundred  copies  shall  be  delivered  to  the  House  of 
Representatives,  for  distribution." 
Under  this  law  the  followiiiL-  i.ai.ir>  have  been  published: 

1.  Pumping  Waterfor  IriijjaiKin,  fi\   llrilnrt  M.  Wilson.     1896.     8°.     57  pp.     9  pi. 

2.  Irrigation  near  Phoenix,  \ii/-iia,h>  Arthur  P.  Davis.     1897.     H°.    97  pp.    31  pi. 

3.  Sewage  Irrigation,  by  George  W.  liulCer.     1897.    8°.     100  pp.     4  pi. 

4.  A  Reconnoissance  in  Southeastern  Washington,  by  Israel  Cook  Russell.    1897.    8°.    96  pp.    7  pi. 

5.  Irrigation  Practice  on  the  Great  Plains,  by  Elias  Branson  Covvgill.    1897.    8°.    39  pp.    12  pi. 

6.  Underground  Waters  of  Southwestern  Kansas,  by  Erasmuth  Ha  worth.    1897.    8°.    65  pp.    12  pi. 

7.  Seepage  Waters  of  Northern  Utah,  by  Samuel  Fortier.    1897.    8°.    50  pp.    3  pi. 

8.  Windmills  for  Irrigation,  by  E.  C.  Murphy.    1897.    8°.    49  pp.    8  pi. 

9.  Irrigation  near  Greeley,  Colorado,  by  David  Boyd.    1897.    8°.    90  pp.    21  pi. 

10.  Irrigation  in  Mesilla  Valley,  New  Mexico,  by  F.  C.  Barker.    1898.    8°.    51  pp.    11  pi. 

11.  River  Heights  for  1896,  hy  Arthur  P.  Davis.     1897.     8°.     100  pp. 

12.  Underground  Waters  of  .Southeastern  Nebraska,  by  N.  H.  Darton.    1898.    8°.    56  pp.    21  pi. 

13.  Irrigation  Systems  in  Texas,  by  William  Ferguson  Hutson.    1898.    8°.    67  pp.    10  pi. 

14.  New  Tests  of  Pumps  and  Water-Lifts  used  in  Irrigation,  by  O.  P.  Hood.    1898.    8°.    91  pp.      1  pi. 

15.  Operations  at  River  Stations,  1897,  Part  I.    1898.    8°.    100  pp. 

16.  Operations  at  River  Stations,  1897,  Part  II.    1898.    8°.    101-200  pp. 

17.  Irrigation  near  Bakersfield,  California,  by  C.  E.  Grunsky.    1898.    8°.    96  pp.    16  pi. 
IS.  Irrigation  near  Fresno,  California,  by  C.  E.  Grunsky.    1898.    8°.    94  pp.    14  pi. 

19.  Irrigation  near  Merced,  California,  by  C.  E.  Grunsky.    1899.    8°.    59  pp.    11  pi. 


ADVERTISEMENT.  IX 

20.  Experiments  with  Windmills,  by  T.  O.  Perry.    1899.    8°.    97  pp.    12  pi. 

21.  Wells  of  Xorthcrn  Indiana,  by  Frank  Lcverett.    1899.    8°.    82  pp.    2  pi. 

22.  Sewage  Irrigation,  I'art  II,  by  George  W.  Rafter.    1899.    8°.    100  pp.    7  pi. 

23.  Water-right  Problems  of  the  Bighorn  Mountains,  by  El  wood  Mead.    1899.    8°.    62  pp.    7  pi. 

24.  Water  Resources  of  the  State  of  New  York,  Part  I,  by  G.  W.  Rafter.     1899.    8°.    99  pp.    13  pi. 

25.  WaterResourcesof  the  State  of  Xew  York,  Part  II,  by  G.W.  Rafter.     1899.    8°.    101-200  pp.     12  pi. 

26.  Wells  of  Southern  Indiana  (Continuation  of  No.  21),  by  Frank  Leverett.    1899.    8°.    64  pp. 

27.  Operations  at  River  Stations  for  1898,  Part  I.    1899.    8°.    100  pp. 

28.  Operations  at  River  Stations  for  1898,  Part  II.    1899.    8°.    101-200  pp. 

29.  Wells  and  Windmills  in  Nebraska,  by  Erwin  H.  Barbour.    1899.    8°.    85  pp.    27  jil. 

30.  Water  Resources  of  the  Lower  Peninsula  of  Michigan,  by  Alfred  C.Lane.    1899.    s°.    '.i7iii>.    7  pi. 

31.  Lower  Michigan  Mineral  Waters,  by  Alfred  C.  Lane.    1899.    8°.    97  pp.    4  pi. 

32.  Water  Resources  of  Puerto  Rico,  by  Herbert  M.  Wilson.    1899.    8°.    48  pp.    17  i>l. 

83.  Storage  of  Water  on  Gila  River,  Arizona,  by  Joseph  B.  Lippincott.    1900.    8°.    98  pp.    33  pi. 

34.  Geology  and  WaterResourcesof  SE.  South  Dakota,  by  J.  E.  Todd.    1900.    8°.    34  pp.    19  pi. 

35.  Operations  at  River  Stations,  1899,  Part  I.    1900.    8°.     100  pp. 

36.  Operations  at  River  Stations,  1899,  Part  II.    1900.    8°.     101-198  pp. 

37.  Operations  at  River  Station.s,  1899,  Part  III.    1900.    8°.    199-298  pp. 

38.  Operations  at  River  Stations,  1899,  Part  IV.    1900.    8°.    299-396  pp. 

39.  Operations  at  River  Stations,  1899,  Part  V.    1900.    8°.    397-471  pp. 

40.  The  Austin  Dam,  by  Thomas  U.  Taylor.    1900.    8°.    51  pp.    16  pi. 

41.  The  Windmill ;  Its  Efficiency  and  Economic  Use,  Pt.  I,  by  E.  C.  Murphy.   1901.   8'=.   72  pp.    14  pi. 

42.  The  Windmill;  J't.  II  (Continuation  of  No.  41).    1901.    8°.    73-147  pp.     l.Vlfipl. 

43.  Conveyance  of  Water,  by  Samuel  Fortier.    1901.    8°.    86  pp.    l.'i  jil. 

44.  Profiles  of  Rivers,  by  Henry  Gannett.    1901.    8°.    100  pp.    11  pi. 
Jn  press: 

45.  Water  Storage  on  Cache  Creek,  California,  by  A.  E.  Chandler. 

46.  Physical  Characteristics  of  Kern  River,  California,  by  F.  H.  Olmsted,  and  Rccnniiiiissame  nf 
Yuba  River,  California,  by  M.  Man.son. 

47.  Operations  at  River  Stations,  1900,  Part  T. 

48.  Operations  at  River  Stations,  1900,  Part  II. 

49.  Operations  at  River  Stations,  1900,  Part  III. 

50.  Operations  at  River  Stations,  1900,  Part  IV. 

TOPOGRAPHIC  MAP  OF  THE  TNITEI)  STATES. 

When,  in  1882,  the  (ieological  Survey  was  directed  by  law  to  make  a  geologic  map  of  the  United 
States,  there  was  in  existence  no  suitable  to[)ographic  map  to  serve  as  a  base  for  the  geologic  map. 
The  preparation  of  such  a  topographic  map  was  therefore  immediately  begun.  About  one-fifth  of 
the  area  of  the  country,  excluding  Alaska,  has  now  been  thus  mapped.  The  map  is  i)Ubli.shed  in 
atlas  .sheet.s,  each  .sheet  representing  a  small  quadrangular  district,  as  explained  under  the  next  head- 
ing. The  separate  sheets  are  sold  at  5  cents  each  when  fewer  tlian  100  copii'S  are  purchased,  but 
when  they  are  ordered  in  lots  of  100  or  more  copies,  whether  of  the  same  sheet  or  of  different  sheets, 
the  price  is  2  cents  each.  The  mapped  areas  are  widely  .scattered,  nearly  every  State  being  repre- 
sented. About  1,100  sheets  have  been  engraved  and  printed;  descriptive  circulars  concerning  them 
may  be  had  on  application. 

The  map  sheets  represent  a  great  variety  of  topographic  features,  and  with  the  aid  of  descriptive 
text  tliey  can  be  used  to  illustrate  topographic  forms.  This  has  led  to  the  projection  of  an  educa- 
tional series  of  topographic  folios,  for  use  wherever  geography  is  taught  in  high  schools,  academies, 
and  colleges.    Of  this  scries  the  first  three  folios  have  been  issued,  viz: 

1.  Physi(ii;raphic  tyiies,  by  Henry  (iaiinctt.  1898.  Folio.  Four  i)aKesnf  descriptive  text  and  the  fol- 
lowing top<>K:rapliic  sheets:  Fari,'n  iN".  Dak. -Minn.  i,a  region  in  youth;  Chiirlcstnu  i  W.  Va.l.a  region  in 
maturity:  Ciildwell  i  Kans.  i,  n  rc,i,'i(iii  in  old  age;  Palmyra  (Va.),  a  rejuvenated  rcgimi;  Mount  Shasta 
(Cal.),  a  young  volcanic  mountain;  Eagle  (Wis.),  moraines;  Sun  Prairie  iWis.),  drumlins;  Donald- 
sonville  (La.),  river  flood  plains;  Boothbay  (Me.),  a  fiord  coast;  Atlantic  City  (N.  J.),  a  barrier-beach 
coast.    Price  26  cents. 

2.  Physiographic  types,  l)y  Henry  Gannett.  1300.  Folio.  Eleven  pages  of  descriptive  text  and  the 
following  topographic  sheets:  Norfolk  (Va.-N.C.)  .acoastswamp;  Marshall  (Mo.  i,  a  graded  river;  Lex- 
ington (Nebr.),an  overloaded  .stream;  Harri.sburg  (Pa.  r.  .Vppalacliian  ridges;  I'oteau  Moiuitain  (.Vrk.- 
Ind.T.), Ozark  ridges:  Marshall  (Ark.), Ozark  Plateau;  West  Denver  (Colo,  l,  hogbacks;  Mount  Taylor 
(N.  Mex.).  volcani<'  peaks,  plateaus,  and  necks;  Cueanionga  (Cal. ).  alluvial  cones;  Crater  Lakespecial 
(Oreg.) ,  a  crater.     Price  25  centos. 

3.  Physical  geography  of  the  Texas  region,  by  Kobert  T.  Hill.  1900.  Folio.  Twelve  pages  of  text 
(including  11  cuts) ;  .'>  shcetsof  special  half-tone  illustrations;  5  topographic  sheets,  one  showing  types 
of  motintains,  three  showing  types  of  plains  and  scarps,  and  one  showing  types  of  rivers  and  canyons; 
and  a  new  map  of  Texas  and  parts  of  adjoining  territories.     I'rice  .50  cents. 

GEOLOGIC   ATLAS   t)F   THE   UNITED  .STATES. 

The  Geologic  Atlas  of  the  United  States  is  the  final  form  of  publication  of  the  tojKtgraphio  and 
geologic  maps.  The  atlas  is  issued  in  parts,  or  folios,  progressively  as  the  surveys  are  extended,  and 
is  designed  ultimately  to  cover  the  entire  country. 

Under  the  plan  adopted  the  entire  area  of  tlie  country  is  divided  into  small  rectangular  districts 
(designated  quadrangles) ,  bounded  by  certain  meridians  and  parallels.    The  unit  of  survey  is  also  the 
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ire  issued  as  n  folio  of 


tural  maps,  together  witli  textual 
1  principal  town  or  of  a  prominent 


unit  of  publication,  and  tlie  maps  and  (U-seriptious  of  each  rei 
the  Geologic  Atlas. 

Each  folio  contains  topographic,  geologic,  economic,  and  : 
descriptions  and  explanations,  and  is  designated  by  the  namt 
natural  feature  within  the  district. 

Two  forms  of  issue  have  been  adopted,  a  "library  edition"  and  a  "field  edition."  In  both  the 
sheets  are  bound  between  heavy  paper  covers,  but  the  library  copies  are  permanently  bound,  while 
the  sheets  and  covers  of  the  field  copies  are  only  temporarily  wired  together. 

Under  the  law  a  copy  of  each  folio  is  sent  to  certain  public  libraries  and  educational  institutions. 
The  remainder  are  sold  at  2.5  cents  each,  except  such  as  contain  an  unusual  amount  of  matter,  which 
are  priced  accordingly.    Prepayment  is  obligatory.    The  folios  ready  for  distribution  are  here  listed. 


No. 


Xame  of  sheet. 


State.       I     Limiting  meridi; 


Livingston Montana  . 

«-^«o,d {?SS-V^} 

Placerville California 

Kingston  a Tennessee 

Sacramento California 

Chattajiooga « Tennes,see 

Colorado  . 


Pikes  Peak  a 

.Sewanee 

Anthracite-Crestc 

Butte.  (1 
Harpers  Ferry 

Jackson 


Teni 

Coloi 


Marv 


no°-ui° 

J*50_,s.^o  3o< 
120°  30'-121° 


]U.'>'^-1U:)'=  -M- 
106°  -IS'-lOV"  15' 


Virginia ..  ) 
Kehtuckv  l> 
Tennessee  I 
.Maryland.  \ 
Virginia  ..  ) 
Virginia..  | 
West  Va  . .  ( 
California  i 
Tennessee  \ 
N.CaroIina'f 

Marysville California  I 

Smartsville California  i 

I    Alabama  .  I 
Stevenson Georgia  ..'> 


12  EstillviUc 

I 

13  Fredericksburg . 

14  Staunton 

1.")     Lassen  Peak 

10     Kno.xville 


Cleveland 

Pikeville 

McMinnville 

Xomini / 


Pocahontas  . 
Morristown . 
Piedmont . . . 


Nevada  City :  . 

Nevada  City  . . . ) 
Grass  Vallev  ...} 
Banner  Hill. ...J: 

Yellowstone       Na- 
tional Park : 

Gallatin |' 

Canyon | 

Shoshone fi 

Lake j 

Pyramid  Peak 

Franklin [j 

Briceville i 


Tennessee 
Tennessee 
Tennessee 
Maryland. 
Virginia.. 
Montana  . 
Tenne.s.see 
Virginia . . 
West  Va.. 
Tennes.see 
Maryland. 
West  Va . . 


\\  yoming. 

California 
Virginia .. 
West  Va . . 
Tennes.see 
West  Va . . 


Truckee... 
Wartburg  . 
Sonora 


Bidwell  Bai 
Tazewell... 

Boi.se 

Richmond  . 
London  — 


Tennessee 
California 

Texas I 

California  | 
Virginia..  1 
West  Va..  I 

Idaho  

Kentucky  | 
Kentucky  i 


81°-81°  30' 
83°-,>*3°  30' 
79°-79°  30' 

121°  00'  25"-121°  03'  4.5" 
121°01'3.y'-121°05'0-l" 
120°  57'  05"-121°  00'  25" 


120°-120°  30' 
79°-79°  30' 
S4°-84°  30' 
j<0°-SO°  30' 

>n;°-m°  30' 

104°  30'-10.5° 

120°  30'-121° 

29'  30"-112°  36'  42" 

120°-120°  30' 

84°  30'-,S.5° 
120°-120°  30' 
100°-100°  30' 
121°-121°  30' 

81°  30'-82° 
116°-116°  30' 

84°-840  ;5(,' 

84°-84°  30' 
lOut  of  stock. 


Area.inPrice, 
Limiting  parallels.     [  square  |    in 
miles.  Icents. 


4.io_jgo 
'  30'-3.5° 


3,354 
980 


35°  30'-36° 
38°  30'-39°  ! 
,S5°-35°  30'  1 
38°  30'-39°  I 
35°-35°  30' 
38°  45'-39° 

39°-39°  30' 
38°-38°  30' 
36°  30'-37° 
38°-3s°  30' 
38°-38°  30' 
40°-Jl° 
35°  30'-36° 


35°-35°  30' 
35°  30'-36° 
35°  30'.-36° 


3, 634 
925 


39°  13'  50"-39°  17'  16" 
39°  10'  22"-39°  13'  .50" 
39°  13'  50"-39°  17'  16" 


36°-36°  30' 
38°  30'-39° 
34°-34°  30' 
38°-38°  30 
39°  30'-«)° 
4-5°  59'  28"-40°  02'  .54" 


39°- 


30' 


36°-36°  30' 


44°-45°  :  3,412 


38°  30'-39°  ' 


938 
919 

22.80 


ADVKRTISKMKNT. 


Name  of  shoct. 


Teiim-le  Pistrict  Colorado. 
Special. 

Ro!<eburg Oregon  . . . 

u,,,.„i.-..  /  Mass 

""'>"''^  t  Conn 

Big  Trees California 

.Ab.saroka: 

lihawooa;:::::}^^>°'°i"^- 

Standingstone '  Tennessee 

Tai-oiua Washing- 
ton. 

Fort  Benton Montana  . 

Little  Belt  Mts Montana  . 

Telluride Colorado  . 

Eltnoro Colorado  . 

Bristol {y^J^j^ 

La  Plata Colorado  . 

>io"t->- iV^i'^: 

Menominee  Special.  Michigan. 

Mother  Lode California 

Uvalde Texas  — 

Tintic. Special Ctah 

Colfax California 

i>"->'e {\^Z^::] 

Walsenburg Colorado  . 

Huntington S.'^-;} 

I   Maryland  i 

"•-"■"^t- """ft::^:] 

[  Virginia..  J 
Si>anish  Peaks Colorado  . 


imiting  meridians 


Limiting  parallels. 


-106°  16'  :  39°  22'  30"- 


72°  30'-73° 
120°-]20°  30' 


110°-111° 

110°-] 11° 

107°  45'-108° 

1040-104°  30' 

82°-82°  30' 

108°-108°  15' 

79°  30'-80° 

.-SE.  area,  about 

'.-SE.   rectangle, 

99°  30-100° 

111°  .5.'i'-112°  10' 

120°  30'-121° 

87°  30'-87°  45' 

104°  30'-105° 

82°-.'<2°  30' 


43°-43°  30' 
42°-42°  30' 


37°-37°  30' 
36°  30'-37° 
°  15'-37°  30' 


long,  6i  wide) 

long,  6i  wide) 

29°-29°  30' 

39°  45'^0° 

39°-39°  30' 


Price, 

in 
cents. 


150 

455 

1,040 


400-10°  15' 


38°  45'-390 
370-37°  30' 


;  of  the  V 


ST.\TISTIC.\I, 

Wl  states.  1882,  bv  .\1 


•rt  Williams,  jr. 


,813] 


Prict 


1016 


Mineral  Reso 
50  cents. 

Mineral  Resources  of  the  United  States,  1883  and  1884.  by  Albert  Williams,  jr.    1885.    8°. 
pp.     Price  60  cents. 

Mineral  Resources  of  the  United  States,  1885,     Division  of  Mining  Statistics  and  Technologj-.    1886. 
8°.    vii.  570  i)p.    Price  40  cents. 

Mineral  Resources  of  the  United  States,  1886,  by  David  T.  Day,    1887.    8°.    viii,813pp.    Price  50  cent.s. 

Mineral  Resources  of  the  United  States,  1887,  by  David  T.Day.    1888.    8°.    vii,  832  pp.    Price  30  cents. 

Mineral  Resources  of  the  United  States,  1888,  by  David  T.Day.    1890.    8°.     vii,  652  pp.    Price  50  cents. 

Mineral  Resources  of  the  United  States,  1889  and  1890,  by  David  T.  Day.    1892.    8°.    viii,  071  pp. 
Price  50  cents. 

Mineral  Resources  of  the  United  States,  1891,  by  David  T.Day.    1893.  8°.    vii,  630  pp.    Price  50  cents. 

Mineral  Resources  of  the  United  States,  1892,  by  David  T.  Day.    1893.    8°.    vii,  850  pp.    I'rice  50  cents. 

Mineral  Resources  of  the  United  States,  1893,  by  David  T.Day.    1894.   «°.    viii, 810pp.    PriceoOcents. 

On  March  2,  1895,  the  following  provision  was  included  in  an  act  of  Congress: 

'■  I'rnriilril,  That  licreaftcr  the  report  of  the  mineral  resources  of  the  United  States  shall  be  issued 


lortof  til 
ith  lliis 


(iKie; 


t'y. 


IK  reports  have  been  published: 

David  T.Day,  Chief  of  Division.     189,5.    8=".    xv,646 

I  IV  of  the  Sixteenth  Annual  Report. 

David  T.  Day,  Chief  of  Division.    1896.    8°.    xxiii, 

.    Being  Part  III  (in  2  vols.)  of  the  Seventeenth 


In  compliance  1 

Mineral  Resources  of  tlie  United  States,  IWl, 
pp.,  23  pi.;  xix,  7.35  pp., 6  pi.     Being  Parts  III  am 

Mineral  Resources  of  the  United  States,  1895, 
542  pp., 8  pi.  and  maps;  iii,  54:^-1058  pp.,  9-13  \<\ 
Annual  Report. 

Mineral  Resources  of  the  United  States,  1896,  David  T.Day,  Chief  of  Division.  1897.  8°.  xii,  612 
pp.,  1  pi.:  64:J-1400  pi>.     Being  I'art  V  (in  2  vols.  1  of  the  Eighteenth  Annual  Report. 

Mineral  Resources  of  the  United  States.  1897.  David  T.  Day.  Chief  of  Division.  1.898.  8°.  viii,  651 
pp.,  11  pi.;  viii.  7.)6  pp.     Being  Part  VI  lin  2  vols,  t  of  the  Xineleenlh  .Vniuial  Report. 

Mineral  Res<mrees  of  the  United  States,  isys,  David  T.  Day,  Chief  of  Division.  r><99.  8°.  viii,  616 
pp.;  ix,  804  pp.,  1  111.     Being  Part  VI  1  in  2  vols. )  of  the  Twentieth  .\nnnal  Rejiort. 

Mineral  Resources  of  the  United  States.  1.H99.  David  T.  Day,  Chief  of  Division.  1901.  .s°.  viii.  6.".6 
pp.:  viii,  6;J4  pp.     Being  Part  VI  (in  2  vols.  1  of  the  Twenty-flrst  Annual  Rei>ort. 

The  money  received  from  the  sale  of  the  Survey  publications  is  deposited  in  the  Trcivsury,  and  the 
Secretary  of  the  Treasury  declines  to  receive  bank  cheeks,  drafts,  or  postage  stamps.  All  remittances, 
therefore,  umst  be  by  monkv  ouder.  made  payable  to  the  Director  of  the  I'nited  States  Geological 
Survey,  or  in  rimtKNcv— the  exact  anioinit.  CorrcsiKindence  relating  to  the  publications  of  the 
Survey  should  be  addres.>ied  tt>— 

TiiK  Director, 

I'SITED  STATKS  (JKOI.OOIfAI.  SVRVEV. 

Washinoton,  D.  C.,  Mail,  I'Ml.  Washington,  D.  C. 


C.EOLOOIC.U.  SK-rnONS 


